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Abstract 
 As hospital buildings have often been found overflow with hazardous and non-
hazardous materials, there is a raising awareness of environmental health focused on 
benefits and also unfavourable health impact of indoor environment. Among those 
thoughts, the green movement is setting new tailor-made guidelines that correspond to a 
complexity of healthcare architecture. However, such assessment methods and theories 
are based on the Western context, and there is a lack of scientific evidence on the specific 
requirement for the comfort of healthcare occupants. Thus, this study questioned on to 
what extent the indoor environment quality influence on comfort, health, and healing; and 
how can the assessment and standard for the comfort of healthcare occupants could be 
improved. 
 Based on systematically review of previous studies, a knowledge related to the 
specific requirements on IEQ for comfort and health of different healthcare occupant, 
particularly in a hot-humid context, is yet to be explored. Hence, this research aims to fill 
this gap and rigorously verified the knowledge with an intensive field study. The main 
objectives are: 1) to understand and clarify the role of IEQ in healthcare considerations; 
2) to clarify and evaluate the comfort of different healthcare occupants, and to validate the 
suitability of established methods; 3) to identify other confounders that potentially 
influence on comfort and healing of healthcare occupants; and 4) to suggest how the 
assessment for patients comfort, and a standard for green healthcare could be developed 
in a hot-humid context. 
 This study adopted a mixed-method approach to assess a complex integration of 
qualitative and quantitative findings. The research framework covered an identification of 
IEQ factors from a review of existing green assessments and standards, a clarification of 
subjective responses on occupant satisfactions on IEQ through a semi-structure interview 
and occupant surveys, as well as an objective measurement of actual IEQ performance. 
Three general public hospitals located in Bangkok, Thailand, was selected as case studies. 
All cases reflected the generic physical environment of a block hospital floor plan, which 
is commonly found in a tropical urban city. A total of 1,017 occupants from two hospitals 
were participated in the surveys. 
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 This study established a new set of criteria relevant to public hospital design 
which embrace both non-human (spatial and environmental) and human factors. Focusing 
on IEQ, thermal comfort and IAQ & ventilation were identified as the most contributing 
factors in Thai public hospital, following by acoustic and lighting. Besides, each IEQ 
parameter has contributed to occupants comfort differently, and its significance is varied 
by different affiliation of hospital users, nature of use, and varying need for comfort.  
 Focusing on evaluating comfort for different healthcare occupants, the study 
indicated that the PMV model and assessment methods based on ASHRAE 55-2013 is not 
applicable in predicting thermal comfort for healthcare occupants. Yet, the theoretical 
neutrality defined by ASHRAE Standard 55 does not reflect their best comfort conditions. 
This study also highlighted the acceptable temperature range for patient, visitor, and 
medical staff at 21.8-27.9, 22.0-27.1, and 24.1-25.6 °C respectively, which is warmer than 
suggested by the Thai standard.  
 Furthermore, the study noted on the influence of IEQ on comfort and health, and 
healing potential by their relevancies to occupants satisfaction and mental status. The 
thermal comfort has a notable influence on anxiety and stress level of patients in higher 
room temperature & outside comfort zone. Additionally, health conditions of patient 
demonstrated an important influence on their thermal sensation. Thus, to accurately 
assess on patient comfort, this study addressed on human related factors including the 
bedding insulation for a reclining patient, the physical and physiological health 
conditions, and their exposure time to the environment.  
 In sum, this research suggests further development of assessment and standards 
for healthcare should extend to a wider IEQ parameters based on its regional context, and 
have to reconcile the different needs for comfort of various hospital users. To this end, the 
study provided a thorough understanding about indoor environment parameters that 
associate and contribute to occupants’ comfort and health, and foster healing 
environment. The lesson learnt from this research contributes to an improvement of the 
evaluation for healthcare occupant comfort, and the future development of a standard and 
guideline towards green and healing healthcare in a hot-humid region, which could be 
extended to other countries that seek to improve their healthcare environments.  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Chapter 1 Introduction 
Healthcare facility, especially hospital, literally means a place where people who are ill or 
in need for a special care are treated and taken care by medical staffs. This specialised 
medical facility always accompanies a complex issue. Nowadays healthcare facilities 
began to take shape with a variety of public and private hospital which often been 
industrialised and finances dictated. The architecture and environmental setting in a 
hospital are designed not only to maximise the efficiency of the medical care system, but 
also to satisfy patients and families. Additionally, a surge of popularity of healthcare 
markets and medical tourism in Thailand, and others in the Southeast Asian countries 
brings an opportunity to rethink about the hospital design, particularly on how to create a 
green and healing hospital environment that is comfortable for all healthcare occupants. 
1.1  Background and rational 
 The concepts of healthcare design have continuously developed from 
Nightingale’s principle, which recognises the importance of the hospital environment and 
the need for fresh air and cleanliness. Undesirably, mega-hospitals nowadays have 
increased in size and spatial complexity but are largely disconnected from the outdoor 
environment. Although, the postmodern hospitals had been advocated a concept for 
patient-centred design (Sitdhiraksa, 2011), an advancement in medical technologies and 
healthcare cultures have instigated rapid changes in design criteria for hospital and 
healthcare facilities. 
 In past decades, contemporary healthcare design has integrated interdisciplinary 
aspects to address the complexity of health architecture, the therapeutic environment as 
well as the green and sustainability. To create a green and healing healthcare, the green 
building concept has been globally deliberated and customised for specific requirements 
of healthcare facilities, because it promises to alleviate energy consumption and improve 
human health. However, providing a health care and comfort within a healthier 
environment is a major function for a general healthcare facility. 
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1.1.1 Environmental health: Comfort and health impact of the environment  
 A concern about the effect of the environment on human health and well-being 
had been raised for more than two decades and it was termed as ‘environmental health’. 
The environment, as defined by World health Organisation (WHO) is not limited to the 
natural realm. It comprises of the nature, social, and built environments, and their impacts 
to human health, as illustrated in Figure 1-1 (RMI, 2005). 
"  
Figure 1-1. Environmental Health: The complex relationship of comprised factors* 
Source: Wilson, Samuel, presentation, Design for Health: Summit for Massachusetts Health Care Decision 
Makers , 28 September 2004. 
 Environmental health addresses on all human health related aspects which 
concerns about indoor environment of the building, including indoor air quality (IAQ), 
toxicology, noise pollution and so on. The effect of poor built environment, especially 
indoor environmental quality (IEQ), is not only on physical heath of human, but also 
psychological health, which widely known as sick building syndrome or building-related 
illness (WHO & Healthcare without harm, 2009, Kaiser B et.al. 2001). Sick building 
syndrome particularly referred to the negative health impact of poor indoor air quality 
(RMI, 2005).  
 On the other hand, the environmental health also encompasses a benefit of built 
environments to human health and comfort. Focusing on a healthcare facility, patient 
comfort is becoming a higher priority for hospitals since the postmodern era, because it 
improves the health outcomes and satisfaction of patient. The effects of physical 
environment on healthcare comfort and health of the healthcare occupants, especially for 
patients has been widely discussed. There is a growing number of evidence on the 
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contribution of indoor environment in healthcare building to patients outcomes, as well 
as, healthcare providers’ efficiency and productivity (Mourshed & Zhao, 2012; Ulrich et 
al., 2004, 2008). Ulrich et al (2008) reviewed more than 600 studies that is confirming a 
contribution of physical setting to patient and staff outcome.  
 These causes and effects between environment and human health is vitally 
important as a part of the core mission for a better healthcare environment. The 
environment of a healthcare facility, however, frequently lead to a unfavourable health 
impact and issues for its occupants. 
1.1.2 Indoor environmental issues in healthcare buildings  
 In several countries, a reduction in the number of hospital beds has been 
accompanied by an increase in their occupancy rates (ODCE, 2013). According to the 
number of hospital bed indicator in the report of Health at a Glance 2013 (Figure 1-2), the 
global average of hospitals bed per 1,000 population is 3. While Japan has over 12 beds 
per 1,000 population in 2011, South East Asian countries have average of 1.4 beds per 
1,000 population. Comparing among the South East Asian the lowest is only 0.6 beds in 
Myanmar, and the highest is about 2 beds for Thailand, Singapore, and Vietnam. 
According to the WHO, the Southeast Asian countries spend an average of four percent of 
GDP on healthcare, but this is very low compared to the 12 percent in OECD countries. 
These number indicated the growing demand of healthcare services that is putting 
hospitals under strain. 
"
Figure 1-2. Current situation of the Southeast Asia’s healthcare facility 
Source: Health at a Glance 2013: OECD Indicators 
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"Figure 1-3. Situation of healthcare utilisations in Thailand 
Source: Report on Health Resources in Thailand Health Profile Report 2008-2010, Bureau of Policy and 
Strategy, MoPH 
 Especially a case of developing countries including Thailand, the rate of 
outpatients service utilisation at hospital in Thailand is growing more than double, from 
1.8 in 2001 to 3.4 in 2009. According to Thailand Health Profile Report 2008-2010 
(Figure 1-3), the highest rate is in Bangkok 4-6 visits/person/year. This is similar to rate 
of hospitalisation for inpatient services which also rose from 10% to 14.7% in 2007. At 
aforementioned public hospitals under Ministry of Public Health (MoPH), the proportion 
of outpatients and inpatients by agency of hospital are as high as 68.1% and 75.3% in 
2009, only around 20% of patients go for private hospitals. This high number of 
healthcare service utilisations includes the patients coming from other provinces. Such 
highest rate of patients has resulted in many IEQ issues, that may impact on physical 
health go healthcare occupants as well as their mental conditions. A problem concerning 
the assessment and control of indoor environment quality at public hospital, thus, being 
one of the important issues. 
 The indoor environment within a hospital building have often been found 
overflow with hazardous and non-hazardous materials that has a profound impact on 
human health. A poor indoor air quality caused many sick building syndromes related to 
the respiratory system. In the United States, the number of healthcare workers reported 
for respiratory problem in healthcare environment was raised up more than double 
between 1985 and 1990 (RMI, 2005). 
 In addition, healthcare occupants cannot control their surroundings unlike housing 
or office where users normally can adjust their environment to suit an individual. Yet, it is 
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more complicate and difficult to optimise the comfort in hospital settings because of the 
distinct groups of healthcare occupants. Patients who is in un-well conditions may have 
different variation in physical and individual needs from healthy occupants.  
 It is commonly found that patients always be accompanied by other people such 
as a partner and relatives during their visits to a hospital. A previous study in the Western 
context reported that 30 and 39 % of patients in Canada and US came to a hospital with 
companions, especially for younger and older patients (Brown et al., 1998; Andrades et 
al., 2013). A strong family values in Asian culture leads up a higher rate of patients’ 
companionship. In case of Thailand, for example, 46.6 % of out-patients came with their 
companions for medical services. A portion was particularly high for elderly patients, at 
28.1%. The number of accompanying rate raised up to 95.1% for in-patients, which is 
accounted for an overnight stay.  
 Furthermore, there were more than one fourth of cases that one patient has more 
than one accompanying person. It is not a rare case in Thai hospitals for a patient with 3 
or 4 family members. The common roles of a patient companion include providing 
patients for a continuous care observation, a transport and communication, as well as for 
social and emotional supports. The physician also indicated that the companions normally 
have a positive influence on medical encounters (Andrades et al., 2013). Despite all that 
supports, such companionship can cause an indoor environmental issue in optimising 
thermal environment and comfort in hospital, particularly in a patient room, because of 
their distinct variation in physical health and individual needs. 
 Because of the fact that healthcare environments could negatively impact 
occupants’ health in the process of medical treating and healing the sick, yet there are 
various occupants who are very different in health conditions, the healthcare facilities 
and/or hospitals should then commit to improve its design in relation to comfort and 
health of different occupants.  
1.1.3 Design for comfort in healthcare facility 
 It is necessary that a design for the 21st century healthcare facility must target 
towards preventing diseases and creating health supportive environments. The good 
design and operation of healthcare building will minimise undesired negative health 
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impacts while improving the indoor environment for human health. The improved indoor 
environment can affect staff performance as well as patient outcomes (RMI, 2005). Thus, 
healthcare institution, as well as healthcare architects and engineers are facing challenges 
to adopting new design standards for healthcare facility design.  
 A design for green healthcare  
 Among those thoughts for healthcare design, a rising awareness on global issue in 
stepping toward sustainability have been pushing forward green architectural concept into 
healthcare sector. The green movement is setting new trends for hospital where capable 
for medical services 24 hours a day, 7days a week. Such heavy operations require an 
extensive energy demand. Globally, the green building concept has been deliberated and 
recently introduced the tailor-made green building rating system that correspond to the 
complexity of healthcare architecture. The widely-known rating systems are the LEED 
2009 for Healthcare and BREEAM Healthcare (USGBC, 2014, BRE Global, 2008) which 
propose a set of sustainability features for the specialised requirements of healthcare 
design.  
 Although the green healthcare concept has been gradually developed, the 
applicability of the current designs is limited by contextual appropriateness. The criteria 
of an effective healthcare facility may differ among cultures and may depend on socio-
economic and geographic conditions. In a hot-humid region, green building standards 
established in Thailand and/or other countries mainly based on the western country 
standard. The necessity of green healthcare development may also depend on context as 
the requirements for comfort and IEQ may varied according to climate, culture, and 
individuality. Besides, most developing countries in Southeast Asia, including Thailand, 
are lacking of a healthcare-specific green building rating scheme. Therefore, clarifying 
the specific requirements for healthcare design in a hot-humid region is vital and of 
interest. 
 In addition, a healthcare design is moving toward evidence-based design, yet it is 
more and more advocated by rigorous research linking the physical environment of 
hospitals to patients and staff outcomes (Hamilton, 2003;  Ulrich et al., 2008). Hence, this 
research aims to provide evidences based on a field study, and a thorough understanding 
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about the roles of IEQ that associate and contribute to occupants’ comfort and health, and 
foster healing environment in a hot-humid context. 
1.2 Research questions 
 Regarding the background and rational mentioned above, a design for comfort and 
health of healthcare occupants, particularity for patients, is of interest. Within the realm of 
architecture and the built environments, indoor environmental quality appear to be 
significant factor for occupants’ comfort and health and need to be adequately clarified. 
This background information has drawn up the main research questions as following.  
• To what extent the indoor environment quality influence on comfort, health, and 
healing environment for healthcare occupants?  
• How can the standard and assessment be developed for enhancing comfort and 
health for occupants in healthcare facilities in a hot-humid context while 
enhancing healing environments therein? 
1.3 Research objectives 
 This research contributes to the growing demands for sustainable healthcare 
design and healing environment, particularity in a hot-humid context. The main objective 
of this research is as following: 
1. To understand and clarify the role of IEQ parameters for healthcare design 
considerations within a green & healing healthcare framework 
2. To clarify and evaluate the comfort of different healthcare occupants, as well 
as to validate the established evaluation methods for the thermal comfort of 
patient in particular 
3. To identify other IEQ parameters and confounders that potentially influence 
on comfort and health of healthcare occupants  
4. To suggest how the assessment for patients comfort, as well as a standard and 
guideline for healthcare could be developed in order to get a maximum benefit 
on enhancing comfort and health, as well as to promote green and healing 
environments in a tropical context 
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1.4 Limitations of research 
 There were some limitation of this current research that would be suggested to 
improve in a related study in the future, including the accessibility & contact to patient, 
and the personal interventions. 
 Limited accessibility  
 Since this research focused on a validation of knowledge from the field study in 
hospitals of a hot-humid context, the field measurement is pretty limited to the 
accessibility. Only specified areas have been appointed within the time constraint. 
Therefore, the collected subjective data did not cover all type of utilisations, i.e. night 
time in a patient room and a nurse station.  
 Limited contact to patient 
 This current study could not continuously observe thermal sensation of patient due 
to a limited contact to patient. This study was based on the ethical concept of doing no 
harm with the less disturbance to any participant. However, this issue, in fact, can be 
critical and should be carefully examined in the future study of patient thermal comfort. 
For the best of understanding about thermal comfort for patients, their sensation should be 
continuously observe where possible since it may be fluctuated during the day & different 
in the night. 
 Limited data on personal interventions 
 As it was a field study, there were many intervening variables which may affect 
the comfort perception of healthcare occupants. With the highest concerns about 
participants’ privacy, detailed information about patient conditions and treatments were 
not included here. For example, the medical question of ‘how long have you been feeling 
ill?’, and ‘have you been under any medical treatment?’.  
 The questions concerning personal preferences for comforts and prior 
environmental conditions and experiences before entering clinics should have been added 
where possible.  
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 Additionally, the study could not specify for a health condition of participants 
because the participant was solely on a voluntary basis. Therefore, the study could not 
control a number of respondents in each health condition group. 
1.5 Thesis structure 
 To fulfil the purpose of this study, this book of thesis comprises of 7 chapters. The 
first chapter is the introduction on background information and rational for this study. The 
second chapter is a systematically review of the previous literatures in this particular field 
of research; which covers the review of existing standard and guideline, and green 
assessment for a healthcare design, a review of previous study on indoor environmental 
effects on comfort and health, as well as the measurement of occupant comfort. The third 
chapter is about the research methodology and approach. The case study profile and 
methods for both subjective and objective data collections can be found here.  
 Chapter four, five and six covered the details for a comprehensive data analysis, 
finding and discussion on a specific topic in correspond to each research objective. 
Chapter 4 discussed on design criteria and consideration for healthcare design, and 
identified a significance of IEQ parameter. Chapter 5 focused on measuring and 
evaluating comfort for healthcare occupants, thermal comfort in particular. The actual 
IEQ performance in Thai hospitals, the detailed discussion on a special requirement for 
comfort of different healthcare occupants, as well as other factors that influenced thermal 
comfort was revealed in this chapter. Chapter 6 discussed on identifying the roles of IEQ 
for comfort and health, and its healing potentials. This included their relevancies to 
occupants’ satisfaction and their healing potential which identified from occupants’ 
mental status.  
 The final chapter, then, concluded the major findings of this study that is 
answering the research objective. A suggestion for the development of an assessment for 
healthcare occupant comfort, as well as a standard and guideline for healthcare in 
stepping toward a green and healing healthcare in a hot-humid region was highlighted in 
this chapter.  
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Chapter 2. Literature Reviews 
To have a deep understand the current knowledge by accredited research scholars, this 
chapter covered the reviews of previous study that theoretically, methodologically, and 
practically contributed to the particular topic of green healthcare design, as well as 
comfort and health of healthcare occupants. The first section focused on a review of green 
building design for healthcare facility; including standards, guidelines, and green building 
concept for healthcare. The environmental index and the green assessment for healthcare 
is also reviewed. Additionally, the information on the healthcare system in Thailand also 
revealed here. The second section reported on the effects of indoor environment on 
occupants’ comfort, health and healing. The third section considered the study on how to 
measure the comfort of healthcare occupant. Finally, the gathered information was 
carefully evaluated to identify the gap of knowledge that is yet to be explored and to be 
filled with this research approach. 
2.1 Green building design for healthcare facility 
 Green and sustainability has become magnified in healthcare facility building not 
only because of their large energy consumptions and impacts on the environment but also 
the indoor environmental effects in maintaining health and comfort of their large 
occupants number. 
2.1.1 Regulation, standard and guideline for healthcare  
 For the guidance on healthcare facility design, construction, and operation; each country 
introduced their own standards and guidelines to ensure that a hospital will meet their 
prescribed functional programs and professional practices. Internationally, the Guidelines 
for Design and Construction of Hospital and Health Care Facilities by the American 
Institute of Architects Academy of Architecture for Health (AIA) and the Facility 
Guidelines Institute (FGI), with the assistance from the U.S. Department of Health and 
Human Services, have been published and widely adopted (AIA/FGI, 2006). The 
guideline is also adopted for the Joint Commission on the Accreditation of Healthcare 
Organization (Ninomura et al., 2006), including the Joint Commission International (JCI) 
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accreditation. Recently, the book of JCI standards (2015) which carefully covered the 
considerations from planning and design to commissioning is renowned for its merit and 
nowadays acquired for a global healthcare. 
 In UK, the National Health Service (NHS) is the core organisation for healthcare 
service. The Health building notes by the Department of Health, under NHS gave a set of 
guidance on the design and planning of healthcare buildings in  the United Kingdom. For 
example, they published the guidance on the design of an out-patient s department (OPD) 
of a hospital or other healthcare facility which was developed since 1990 (NHS Estates, 
2004). 
 Some other associations also provided more specific criteria for environmental 
control in healthcare facility. For example, the American Society for Healthcare 
Engineering (ASHE) of the American Hospital Association announced the HVAC setback 
strategies specifically for an operating room (ASHE, 2011). The Centres of Disease 
Control and Prevention (CDC) also recommended for practical guidelines for infection 
control in a healthcare facility (CDC, 2003).  
 Environmental index for IEQ in healthcare building 
 For an evaluation of the actual IEQ performance in the case study hospitals, the 
comfort criteria for hospital environments by the established standard was reviewed. The 
Guidelines for Design and Construction of Hospital and Health Care Facilities by the 
American Institute of Architects Academy of Architecture for Health (AIA) and the 
Facility Guidelines Institute (FGI) (2006) has introduced a criterion for indoor 
environment in healthcare facilities. This standard recommends the thermal conditions in 
a patient room at 75 +2 °F (22.7-25.0°C) with 50%RH. In the case of Thailand, the 
standard for the healthcare environment was introduced by the Department of Health 
Service Support, Ministry of Public Health. According to their Standard for Environment 
Sanitation and Safety in Hospitals (2004), the recommended air temperature in a patient 
room is 20.0 - 25.0 °C, at 50 - 70 %RH.  
 The major criteria and environmental index for the indoor environment in a 
healthcare building, particularly a hospital was summarised in Table 2-1. 
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2.1.2 Green healthcare design and assessment 
 Concerning the green building concept, there are many green building rating systems 
used internationally including LEED, BREEAM, Green Star, CASBEE, Green Mark. The 
green building rating systems provide an effective framework for assessing building 
environmental performance which focusing on different areas of sustainability. However, 
there is only a few that introduced the tailor-made green building rating system which 
correspond to the complexity of healthcare buildings. The Health Care Without Harm and 
Center for Maximum Potential Building developed the Green Guide for Health Care 
(GGHC) modeled on the U.S. Green Building Council’s (USGBC) LEED standard in 
2002 which was later implemented in LEED for healthcare buildings (GGHC, 2011). The 
USGBC and the GGHC had developed and recently introduced LEED for Healthcare in 
Table 2-1. Indoor environmental index for healthcare by International standard
Temperature  
(°C)
Humidity  
(%RH)
Lighting  
(lux)
Acoustic 
(dBA) 
Co2 Concentration 
(ppm)
General 
Building
24-25 a 
17-28 b 
20-26 c 
74+2°F (22.2-24.4) d
55-60 a 
40-50 b 
30-60, max 65 c 
30-60 d
100-300 h  45-50 i 
50 b
The difference of Co2 
concentration between 
inside and outside 
should not exceed 
700ppm,  
or 3 times of outdoor 
concentration 
indoor less than 1000 
ppm a, b, j, f, g
Patient Room 20-25 a 
75+2°F(22.7-25.0 ) d
50-70 a               
60 a, *  
50 d, **
100 h, b, f, g  
50-100 d
40-45 i
OR 17-27 a 
20-23 e 
68-73°F (20.0-22.7) d
45-55 a, d  
30-60 e 
1000 h, b, g 
1000-2000 d 
400-500 f
35-40 i
ICU 21-27 a 
70-75°F (21.1-23.9) d
60 a 
30-60 d
1000 h, b, g 
500-1000 d 
400 f
n/a
Exam Room 20-25 a 
74+2°F (22.2-24.4) d
60 a 
30-60 d
500 h, g 
500-1000 b 
200-500 d 
300 f
35-40 i
Waiting area 
for OPD & 
ER, Corridor
20-25 a 
74+2°F (22.2-24.4) d
50-70 a 
30-60 d
200 h, b, g 
100-200 d  
300 f
45-50 i
a Standard for Environment Sanitation and Safety in Hospital (2004). Department of Health Service Support, MoPH  
b Japanese Standard  
c ASRHAE Standard 55-1981 
d AIA/FGI (2006)  
e ASHRAE (2016), Health-Care HVAC. ASHRAE Journal (Vol. 48, June 2006) 
f British Standard  
g German Standard  
h Illuminating Engineering Association Of Thailand (TIEA) 
i Standard for Air-conditioning and Ventilation Systems, The Engineering Institute of Thailand under H.M. The King’s Patronage 
j ASRHAE Standard 62-1999 
* Airborne infection isolation room  
** Summer
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order to raise an awareness and adoption of green and sustainable design concept in  the 
healthcare facility (GGHC, 2011; USGBC, 2014). Concerning the current green design 
practice in healthcare facility worldwide, the widely acknowledged schemes include 
LEED 2009 for Healthcare, BREEAM Healthcare, and Green Star Healthcare (USGBC, 
2014, BRE Global, 2008, GBCA, 2009).  
 According to previous research in relation to the green hospital rating systems, 
there were some attempts to define green strategies which reflects relationships between 
built environment and health. However, none clarifies an explicit link between green 
strategies and healing abilities of healthcare facilities. To fill this gap of knowledge many 
questions are yet to be answered. The key questions include; can green physical attributes 
heal? what impact does the physical attributes of green hospital has on healthcare 
consumer? what exactly of green hospital index contributes to a healing environment? 
Furthermore, the concept of creating green hospital that enhancing healing environment 
may be varied based on their contexts. 
 Although the green healthcare rating system has been gradually developed, an 
assessment for IEQ in healthcare building is regionally delicate. Different culture, 
socioeconomic and geographic conditions may determine different criteria and concerns 
on the environments in healthcare facility. Existing assessment criteria concerning indoor 
environmental comfort may be limited by contextual appropriateness, as the requirements 
for comfort and IEQ are vary according to climate, culture, and individuality (Nimlyat & 
Kandar, 2015, Khodakarami &Knight 2007). Therefore, the development of green 
healthcare standards and guidelines for a specific region is then needed. Yet, a 
clarification of the regional requirements for IEQ assessment criteria of healthcare 
building is vital. 
2.1.3 Healthy healthcare standard and assessment 
 Additionally, there are a few international standards that specifically address on 
the comfort and health of building occupants within the more holistic approach of a 
healthy healthcare. One outstanding standard is called the WELL Building Standard 2014, 
developed by WELL Building Institute.  The Well building standard focuses firmly on the 
health of building occupants according to a biological system approach. The standard 
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concerns about the features of the built environment that impact on human health and 
well-being through air, water, nourishment, light, fitness, comfort and mind. There are 
onsite measurement and inspections to give credits for those seven factors accordingly, 
however unlike LEED, WELL has no credits for energy and water conservation. 
Furthermore, WELL also deliberately covers the chemical focus of indoor environment 
(IWBI, 2015).  
 The Living Building Challenge (LBC) is another health focused building 
assessment by the International Living Future Institute. The latest version of LBC 3.0 
includes factors of place, water, energy, health and happiness, materials, equity, and 
beauty. LBC also established the “Red List” of harmful materials and chemicals in the 
building (Living Future, 2014). 
2.1.4 Thailand health system  
 Health system context and hospital sector 
 Public hospital design in Thailand has long focused on the dereliction of holistic 
well-being and environmental responsibility. Most of these designs have been centralised 
and are based on the standard planning of the Design and Construction Division, 
Department of Health Service Support, Ministry of Public Health. Although the 
functional requirements are easily improved by minor adjustments, the overall design of 
these facilities has rarely been developed. Although an interdisciplinary approach and 
green healthcare design concept has been globally deliberated, it has hardly been 
considered and received only little attention in Thai public hospitals. 
 Thai standards for healthcare building 
 Considering standard and guidelines for healthcare, the Thai Medical Council was 
the first agency to set up a list of hospital standards. Ministry of Public Health (MoPH) 
also set up and develops regulations and standards by referring to the international 
standard such as ASHRAE, ISO, and Joint Commission International (JCI) Accreditation 
Standards for Hospitals. Under the MoPH, the criteria for indoor environment was 
introduced in the Standard for Environment Sanitation and Safety in Hospitals by the 
Department of Health Service Support (MoPH, 2004). According to this standard, there 
was an attempt to adjust the criteria that are applicable to the hot and humid context by 
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indicating a higher range of humidity. The MoPH also supports for an establishment of 
the Hospital Accreditation (HA) programme. 
 Healthcare accreditation in Thailand 
 The MoPH encourages Thai hospitals to attend the Hospital Accreditation (HA) 
programme which was announced since 1995. The HA standard is a mechanism to 
encourage total hospital quality improvement (Sriratanaban, 2011). Although there is a 
section concerning hospital environment, it is focusing on the quality management system 
rather than providing an assessment criteria for hospital building.  
 The importance of green hospital design has seemingly been recognised in 
Thailand; however, the criteria and guidelines of future hospital development should be 
tailored to the local context. Thailand has established some local standards and guidelines 
that adopted the green building concept, but their development is mainly based on the 
Western and has not specifically fit for a specialised requirement of healthcare facility. In 
the Thai context, the most widely known green building rating system is Thai’s Rating of 
Energy and Environmental Sustainability (TREES). This rating system has been 
developed since 2010 by Thai Green Building Institute (TGBI), which adopted tools and 
frameworks from the Western. There is an attempt to customise some criteria to enable 
regional responses. However, this local green building rating system has not yet 
specialised for healthcare facility. Thus, it is necessary, yet interesting to know how the 
Table 2-2. Thai organisations related to building & hospitals’ environment
Hospital Standards Standard for Environment 
Sanitation and Safety in 
Hospitals
Hospital Guidelines 
& Accreditation 
Hospital Accreditation (HA) 
Green building rating Thai’s Rating of Energy and 
Environmental Sustainability 
(TREES)
 
 
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green building scheme for Thai healthcare facility could be developed in stepping toward 
greener and healthier hospital.  
2.2 Indoor environmental effects on human comfort, health and healing 
2.2.1 Green building and occupants’ health 
 As discussed in 2.1 about the importance of green building standard and 
guidelines, there are a number of published studies on the relationship between green 
buildings and health. Allen et al (2015) examined the evidences on green building design 
in relation to indoor environmental quality and human health. The studies were 
categorised into those involved only occupant surveys and the others that combined with 
IEQ measurements within certified green buildings versus conventional buildings. Many 
studies measured objective health outcomes or quantifiable health performance indicators. 
In cases of hospitals, those indicators may include patient recovery rate, staff 
performance, and infection rates.  
 Initially, all available scientific evidences pointed out that a better indoor 
environmental quality directly benefits to occupants’ health. However, most evidences 
were based on their self-reported health outcomes which are subjective and can be bias. 
Moreover, the previous studies mostly had a small sample sizes which lower statistical 
reliability (Allen et al, 2015). Yet, there is a lack of information and analysis of the design 
features on specific green building credits that contribute to improved IEQ and health. 
2.2.2 Indoor environmental effects on comfort 
 The relationship between building, particularly in relation to indoor environmental 
quality and human health has long been investigated. Specifically, a growing number of 
research reveals the link between physical environment of hospital with occupants’ 
health, comfort and well-being through a perceived experience and satisfaction, as well as 
objective indicators such as healthcare providers’ efficiency and productivity, patients 
outcomes (recovery rates), and symptoms (Arneill & Devlin, 2002; Andrade & Devlin, 
2015; Mourshed and Zhao, 2012; Ulrich, 1991 and 2008). 
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 Many previous studies indicated that overall IEQ performance of a building has 
profound influence on health and comfort of the building occupants (Nimlyat & Kandar, 
2015, Mourshed & Zhao, 2012, Frontczak et al., 2012). Also, Giuli et al (2013) suggested 
that the better environmental quality resulted in an improvement of treatment productivity 
and reduce recovery times. 
2.2.3 Indoor environmental effects on health and healing  
 Since indoor environment quality (IEQ) of hospital affect not only comfort and 
health but also occupants’ well-being, a creation of healing environment in hospital is 
being challenged. The conditions of hospital environment examined in the scientific 
research also referred the conceptualisation of supportive design theory of Ulrich S.R. 
(1991). Furthermore, Meister et.al. (2016) identified that perception of hospital 
environment in myocardial infarction patients influence the development of Acute Stress 
Disorder (ASD) and suggested for further examine on long-term psychological outcomes.  
 Although there were many research examined on healing environment in 
healthcare facilities, there is a limited number of research and quantified evidence in 
attention to the actual effects of IEQ on mental conditions of healthcare occupants, 
particularly in a real chaotic context of overcrowded hospital in Tropical region. Thus, it 
is also important to determine an association between IEQ, occupants’ comfort and their 
mental condition as a key to create healing environment.  
 Additionally, in the realm of hospital design for healing, the patient room is 
another complicated topic because its design and environment has a direct effect to 
patients and their companions. There are a number of evidences that indoor environment 
has an impact on healthcare occupants; because they involve not only a health risk and 
safety, but also healing process of patient (Ulrich et al., 2004).  
 Similarly, the thermal environment is also an important factor for the occupants’ 
comfort as well as symptoms of their health conditions; including dry, itchy skin, and 
thirst (Hashiguchi et al., 2005). Many evidences revealed that thermal environment 
involve not only occupants comfort, but also healing process of patient (Hwang et al., 
2007; Hashiguchi et al., 2005; Sattayakorn et al., 2016). Hwang et al. (2007) pointed out 
that a comfortable thermal environment also benefits to balancing the moods and 
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facilitating healing in patients. In reverse, the factors concerning healing process, patients’ 
mood and health conditions also affect their perception for thermal environment. 
However, the comfort of patient can be different from their healthy companion. 
Therefore, the understanding of IEQ factors influencing sensation and perception for 
comfort and healing in patients, and other healthy healthcare occupants, is necessary for a 
comfort evaluation to optimise well-being and comfort of all occupants in a hospital. 
2.3  Measuring comfort for healthcare occupants 
 Measuring occupants’ comfort and health can be difficult since the perception for 
human comfort is very subjective. Besides there are many confounders and variables that 
directly and in-directly involve the comfort of occupants. Indoor environments, including 
thermal condition, is one of those direct effect components. Despite the fact that thermal 
comfort is one the most tangible indicator, yet measurable, it is still unclear how thermal 
conditions may affect healthcare occupants’ comfort. In the context of healthcare 
building, the measurement and evaluation for comfort of healthcare occupant is vital and 
can be sensitive as a fragile condition of patients. Moreover, a comfort in hospital 
environments, especially a patient room, where directly involves with the actual 
performance of IEQ is also difficult to optimise because their distinct groups of 
healthcare occupants may have different variation in physical and individual needs. 
2.3.1 Basic concept for thermal comfort 
 According to the ASHRAE Standard 55 (2013) by the American Society of 
Heating, Refrigerating and Air-conditioning Engineering (ASHRAE), thermal comfort is 
defined as the satisfaction of occupants with the thermal environment, which can be 
assessed by subjective evaluation. Research on thermal comfort has been discussed for 
several decades because it is essential to provide an appropriate thermal environment for 
building occupants. The guidance on thermal comfort by World Health Organisation 
(WHO) also emphasises that the thermal environment is associated not only with human 
comfort but also with health and productivity of occupants (WHO, 1990; Ormandy & 
Ezratty, 2013).  
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 In this regard, a healthcare facility is particularly critical due to the vulnerability 
of the occupants, who are at the risk for health symptoms, sick building syndrome and 
respiratory diseases (Hashiguchi et al., 2005; Sookchaiya et al., 2008). The fact that a 
hospital has unique functional characteristics leads to difficulty in providing a thermal 
environment that is suitable for different occupants. Patients with a lower metabolic rate 
and less clothing insulation, spending a shorter time in hospital and may require different 
thermal conditions as compared to medical staff, who are in good health, have a higher 
metabolic rate and work in the hospital for more than 10 hours per day. It is necessary to 
identify a common range of operative and radiant temperatures in order to reconcile such 
different thermal requirements (Khodakarami & Nasrollahi, 2012). Still, the number of 
studies that examined thermal comfort in a healthcare facility is very limited. 
2.3.2 PMV model 
 The most famous method for determining occupants’ thermal comfort and thermal 
environmental conditions is based on Fanger’s predicted mean vote (PMV) model, which 
was developed in 1970 for a Danish laboratory experiment with European subjects 
exposed to a steady-state environmental condition. The PMV model allows a prediction 
for neutrality of thermal comfort and a consequence of thermal discomfort indicated by 
percentage of dissatisfaction (PPD). The PMV model has been verified in many field 
studies in different contexts and resolved many arguments stemming from regional and 
individual differences in thermal perception.  
 Regarding Fanger’s theory, which later became the basis for ASHRAE Standard 
55, Heat-Balance model or PMV-PPD index is based on the relationship between thermal 
comfort and environmental factors, and personal factors (Fanger, 1970). The 
environmental factors include air temperature, mean radiant temperature, air velocity and 
relative humidity. The factors related to individuality involve the metabolism rates of 
activities and clothing resistance. There have been many efforts to identify other factors 
that influence thermal comfort, such as age, gender, health status and adaptability to the 
surrounding environment (Hwang et al., 2007; Ferraro et al., 2005). 
 Many studies distinguished between an objective assessment based on PMV 
calculations and a subjective assessment of thermal comfort. However, special groups of 
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population, such as elderly or patients have rarely been considered in the previous 
research. Besides, the current standard and assessment for comfort of those occupants 
with special needs is inadequate. In the context of a healthcare facility, where occupants 
are more vulnerable to the thermal environment, a very limited number of studies have 
been done (Ferraro et al., 2005; Verheyen at al., 2011). Fransson et al. (2007) noted that 
subjective sensation votes for comfort are greater than objective indicators based on a 
prediction. Currently, it is still being questioned whether the predicted mean vote 
according to ASHRAE Standard 55 is suitable for the different occupants of a hospital. 
2.3.3 Thermal comfort evaluation for patients 
 Patients who in their weak health conditions may be more sensitive to a thermal 
environment than healthy population. Focusing an evaluation of thermal comfort for 
patient, a number of studies had conducted a comparison results between patients and 
staff by using ASHRAE Standard 55 (2013) methodology and ISO7730 (2005) based on 
Fanger’s predicted mean vote (PMV) model. However, a prediction for thermal comfort 
based on this model, according to ASHRAE Standard 55 methodology and ISO7730, is 
confined to healthy adults with more than 15 minutes occupancy in a temperate climate 
(ASHRAE, 2013; ISO7730, 2005) which may be incapable for the patients. It is still in 
doubt whether an evaluation of thermal comfort for patient may require special 
considerations. 
 Since the thermal effects widely vary for different people, attention is also drawn 
to thermal comfort for people with special requirements. ISO/TS 14415 suggested a 
general consideration concerning thermal comfort for people with disability, pregnancy, 
aged and sickness. This standard addressed the factors requiring special consideration 
when assessing the thermal environment; including a difference in a body shape and a 
metabolic rate; impairment and paralysis of sensation, sweat secretion, vasomotor control; 
and influence of thermal stress on other physiological functions. According to this 
standard, people with special requirements are more sensitive to thermal conditions, and 
the ‘normal’ condition that provide comfort for healthy occupants may not be acceptable 
to people with disabilities (ISO/TS 14415, 2005). Therefore, it is fair to say that the 
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thermal comfort cannot be generalised and should be evaluated on individual basis, 
especially for patients who may require special considerations. 
 A limited number of previous studies conducted a field research that suggested a 
wide variation of findings concerning thermal comfort of patient in a temperate climate 
(Skoog et al., 2005; Fransson et al., 2007; Khodakarami & Knight, 2007; Verheyen et al., 
2011; Pourshaghaghy & Omidvari, 2012; Ferraro et al., 2015), as well as a sub-tropic and 
Asian context (Hashiguchi et al., 2005; Hwang et al., 2007). The previous studies 
specialised in the hospital care environment noted that unfavourable temperatures could 
affect the recovery rates of patients (Kurz et al., 1996). Regarding a study in Taiwan 
hospital by Hwang et al. (2007), physical health condition highly affected the thermal 
sensation, and patients expected a warmer environment than the neutrality. However, such 
variations from the previous research findings demonstrate that a consideration of 
individual requirements can be more critical than for person in a good health (ISO/TS 
14415, 2005). Furthermore, the data related to the occupants’ comfort in a patient room is 
still very limited, and there is a need for further research extended to different contexts.  
2.3.4 Thermal comfort evaluation for healthcare occupants in a tropical context 
 The problem concerning the thermal environment in hospitals in a tropical context 
has been found to be almost uncontrollable because of the high demand for healthcare 
services in this region (OECD, 2013). Regretfully, thermal comfort of hospitals in the 
tropical countries has been a neglected area of research so far. There are only a few 
previous research projects found in the scientific literature that conducted field studies on 
thermal comfort of healthcare occupants in the hospitals in a tropical region (Yau & 
Chew, 2009; Azizpour et al., 2013a, 2013b; Giuli et al., 2013).  
 All published research were conducted mostly in Malaysian hospitals, and mainly 
investigated the thermal comfort conditions of an in-patient department. A few 
researchers aimed to find the correlation between PMV and thermal sensation vote 
(TSV). Yau & Chew (2009) revealed that the neutral temperature for Malaysian hospitals 
is 26.4 °C, and a comfortable temperature range between 25.3 and 28.2 °C, whereas 
Azizpour et al (2013) suggested a neutral temperature of 23.4 °C and a comfort range 
between 21.2 and 25.5 °C. Although both studies pointed to similar results, which 
"22
indicated a divergence between PMV and the actual comfort of a hospital occupant, there 
is some discrepancy between their suggested temperature indices, which may not be able 
to serve as comfort criteria in other tropical countries. Moreover, the data of all previous 
research in a tropical context are mainly based on the thermal comfort for non-patients 
and medical staff only. None of them specifies the thermal comfort conditions for patient 
in a hot-humid context. 
2.3.5 Factors influencing thermal comfort 
 Apart from those six factors for thermal comfort by Fanger’s theory, there are 
other confounders affecting human comfort. According to the adaptive theory, people 
bound for adaptations to restore their comfort. Those adaptations that can influence on 
thermal comfort include behavioural adaptations (e.g. taking out clothing item), 
physiological adaptation (e.g. sweating), and psychological adaptation (e.g. prior 
experiences, perceptions, and expectations). 
 In addition, Hwang et al. (2007) noted that thermal sensation is related to other 
personal effects of individual, such as gender, age and physical health conditions. More 
details on symptoms of health condition; including dry, itchy skin, and thirst, were used 
as an indicator for thermal comfort of patients in the research in a Japanese hospital 
(Hashiguchi et al, 2005). Besides, the more complex factors include cultural influences 
and the psychological characteristics of individuals (Taleghani et al., 2013; Sattayakorn et 
al., 2015). However, for an evaluation of comfort for patients, a supportive evidence and 
detailed clarification on the association between health status and thermal comfort of 
patient in a hot-humid region is lacking. Therefore, those confounders, especially the 
effects of health conditions, need to be sufficiently addressed and clarified. 
 The assessment of occupants’ comfort is based on different methods and tools. In 
Thailand, the reference index for the indoor environment of healthcare is adopted from 
the international standards which suggests universal values for a comfort criteria. 
However, those assessment criteria may not correspond to the comfort requirements of 
tropical occupants since different occupants could have varying needs of their comforts. 
To guarantee occupants’ health and comfort, there is a need to carefully clarify the local 
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requirement and to confine a thermal comfort index for an assessment of comfort for 
healthcare occupants.  
2.4 Identifying gaps of knowledge 
 According the review of related literatures in this particular topic of healthcare 
design, the gap of knowledge related to the specific requirements on IEQ parameter for 
comfort and health of healthcare occupant particularly in a hot-humid context is yet to be 
explored. There is still a lack of quantitative evidence and suggestions for describing the 
specific thermal comfort needs of hospital occupants, particularly in a tropical context. A 
different sensitivity and requirement for the thermal comfort of patients, visitors and staff 
is required for a further clarification. Therefore, this gap of knowledge on the comfort for 
healthcare occupants, thermal comfort for patients in particular, is identified and of 
interest. 
 For all the above-mentioned reasons, this research aims to fill this gap by 
rigorously verified the knowledge with an evidence from the intensive field study. The 
lesson learnt from this research should be able to contribute to an improvement of the 
assessment method for healthcare occupant comfort, and a future development of a 
guideline for the green healthcare design, especially within a tropical region.  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Chapter 3. Research Methodology 
This chapter explained about research approach and methodology, as well as the process 
on how this research was conducted. Firstly, the content in this chapter discussed on an 
appropriate approach to fulfil the purpose of this present study. Then, the case study 
selection methods, and the profile of selected case studies were revealed. The next section 
included the methods and practical details for data collections, both objective data from 
the IEQ measurement, and a subjective data form the occupants surveys. 
3.1 Research Methodology  
 Healthcare research studies commonly adopt a mixed-methods approach, as it 
appropriately evaluates and assesses a complex integration of qualitative and quantitative 
findings (Östlund, et al., 2011; Wisdom and Creswell, 2013). To verify and reduce bias 
from the subjective occupant satisfaction surveys, many research on building and health 
have been done by combining the objective measurements of IEQ parameter (Allen et al, 
2015). Therefore, a mixed qualitative and quantitative approach is selected to fulfil the 
purpose of this research. The study combines qualitative and quantitative methods.  
 The research framework covered three main areas including:  an identification of 
IEQ factors from a review of existing green building assessments and standards; a 
clarification of the subjective responses of occupant perceptions and satisfactions on IEQ 
through a semi-structure interview and occupant surveys; an objective measurement of 
physical environmental factors and the actual indoor environmental quality (IEQ) 
performance and the thermal conditions in the case study hospitals.  
 The analysis is based on the triangulation of complex findings. The triangulation 
of results from the literature review on green healthcare assessments, the quantitative 
evidences on actual hospital performance, and the qualitative results from stakeholder 
perspectives, occupants perception on indoor environmental comfort, and their mental 
conditions were extensively evaluated. An association between IEQ parameters and 
occupants satisfaction on overall indoor environments was identified. 
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3.2 Case study approach 
 In order to conduct an intensive study and in-depth investigation of IEQ 
performance in a real hospital within a tropical context, the case study approach was 
adopted for the purpose of this research. To increase the depth of understanding of the 
different needs of healthcare occupants for comfort and health, this research evaluated the 
physical environment in case study hospitals for the comfort of patients, visitors, and 
staff. 
3.2.1 Case study selection 
 The criteria for case study selection was based upon location and physical 
characteristics of a hospital building. However, the case study selection was limited to its 
accessibility. Preliminary, to understand current situations and issues found in, then to 
conduct a pilot survey, and to discuss about possibility to find candidates for case study a 
number of general hospitals in Bangkok were visited.  
 To fulfil the research aims, the present study identified up to three hospitals in 
urban area of Bangkok, Thailand as the case study. All cases reflected the generic 
physical environment of a block hospital floor plan, all-in-one building, which is 
commonly found in urban city within a tropical region.   
3.2.3 Profile of case study  
 For the purpose of this research, three general public hospitals located in 
Bangkok, Thailand, were selected as case studies. Each case study has approximately 
200-500 beds in medical services capacity. The profiles of each case study are described 
in Table 3-1. 
 The cases are located in the city centre with rather hot-humid urban climate. 
General climate conditions in Bangkok was much warmer than usual in 2015. The annual 
mean temperatures were around 1.0 °C above normal. The maximum temperature during 
daytime reached 38.8 °C in June 2015 which the new highest record compared to 37.9 °C 
in 2010. The monthly rainfall of Bangkok in June 2015 was also increasing to a new 
record of 459.0 mm., the previous record in 2011 was 411.9 mm (TMD., 2016). Within 
this hot-humid conditions, all hospitals are dependent on air conditioning systems. 
"26
 H1 Case study: 
 The first case study is a public university hospital which initially aims to provide 
medical treatments and services for middle-income patients. The building characteristic is 
a large block floor plan with all-in-one service which critically lead too many problems 
concerning indoor environments. Many internal areas are purely depended on artificial 
light and air-conditioned system as the natural lighting and ventilation cannot reach 
inside.  
 Building structure is a conventional reinforced concrete with brick wall. The 
window pane at the parameter zone filled with low-e glasses. The whole building 
depended on air-conditioning system with no proper ventilation system, operated more 
than 16 hours per day and some sections are 24 hours operation.  
 OPD clinics fitted in the block floor plans by having separated glass wall, which 
allow each clinic to control their indoor environmental conditions separately. All OPD 
clinics are highly dense and overcrowded. Each patient spent more than 3 hours averagely 
waiting in the clinic. In addition, this 300-bed hospital has only a single room type for 
patient room which benefits to patient’s privacy and also for infection control.  
Table 3-1. Case study profile
H1 H2 H3
Building type Public hospital Public hospital Private hospital
Construction year 2005 2010 1992
Opening year 2011 2012 1996
Location Bangkok Bangkok Bangkok
Number of floors 9 above ground,  
3 underground
14 above ground,  
3 underground
12 above ground
Floor area 99,553 m2 165,270 m2 56,235 m2
Beds capacity 302 344 150
Accreditation HA* 
Thailand Quality Award
JCI** HA* 
ISO 9001:2000 
ISO 9002
* Healthcare Accreditation (HA) by The Healthcare Accreditation Institute (Public Organisation) Thailand  
** The Joint Commission International  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"  
Figure 3-1 Building floor plan of the H1 case study 
"
Figure 3-2 Building envelope, main entrance, the atrium of H1 case study 
"  
Figure 3-3 MED OPD plan of the H1 case study 
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 Figure 3-4 OPD clinics of the H1 case study 
"  
Figure 3-5 Ward typical floor plan of the H1 case study 
"  
Figure 3-6 Patient room of the H1 case study 
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 H2 Case study: 
 This second case study regards as part of the university hospital which aims to 
provide the premium medical services as one of the leading hospital in Thailand and Asia. 
The overall planing is designed by integrating patients-oriented concept and health safety. 
The building comprises of many compartments which results in the better fire protection. 
This all-in-one hospital tries to gain maximum benefits from its natural surrounding in a 
creation of the healing environment by connecting patients to the outside nature through 
the glasses envelopes. Having said that, it is also difficult to avoid a problem concerning 
heat gain and glare through this double low-e glass facades.  
 Similar to other case studies, the H2 case study also depended on air-conditioning 
system, however with an advancement in building automation systems (BAS). OPD 
clinics are arranged in an open-plan layout. Waiting areas are placed around the parameter 
zones. Overall number of patients per day is less than 300 in each clinic, which is only 
about 1 in 5 times of the H1 case study. A number of patient rooms is about 344 beds 
altogether. All is a single room, ranging from standard to royal suite type. 
"   
Figure 3-7 Building floor plan of the H2 case study 
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"Figure 3-8 Building envelope and the atrium of H2 case study
"  
Figure 3-9 MED OPD plan of the H2 case study 
"  
Figure 3-10 OPD clinic of the H2 case study 
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"  
Figure 3-11 Ward typical floor plan of the H2 case study 
"  
Figure 3-12 Patient room of the H2 case study 
 H3 Case study: 
 The last case study is the only private hospital in this study. The overall hospital 
capacity is 500 beds, but currently it is open wit h only150 beds of single patient room 
type. Similar too the H1 case study, this H3 was designed with a deep block planning and 
purely depended on air-conditioning system. Building structure is also a conventional 
reinforced concrete with brick wall, and single glass window, which lead to a problem of 
heat gain especially in patient rooms. 
 Initially, this hospital was designed as an opened planing for OPD clinics, 
however they are now under renovation to a separated goldfish bow type. This study, 
then, took this chance to measure IEQ in both opened-plan OPD and a glass walled clinic. 
Although the building is the oldest among the three case studies, this hospital has been 
operated and monitoring by using automation control system, particularly for air-
conditioning system.  Even though an average number of patients per clinic per day is 
about the same as H2 hospital, its much smaller space made this H3 case study looks 
crowded during pear hours (between 9-12). 
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"  
Figure 3-13 OPD floor plan (Opened-plan) and key plan of the H3 case study 
"  
Figure 3-14 Building envelope and the entrance of H3 case study 
"  
Figure 3-15 OPD clinics of the H3 case study 
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"  
Figure 3-16 Dental clinic of the H3 case study (Separated room) 
"  
Figure 3-17 Ward typical floor plan of the H3 case study 
"  
Figure 3-18 Patient room of the H3 case study 
 Spatial conditions 
 Once hospital candidate agreed to take part in this research, the researcher 
carefully discussed with the directors or hospital building managers in order to clarify the 
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measurements area, methods and installation of research instruments. This study 
primarily considered indoor environment of general clinical examination within Out-
Patient Department (OPD), as well as In-Patient Department (IPD). The physical 
conditions of spatial environment in the measurement areas are summarised & compared 
in Figure 3-19 below.  
!  
 Figure 3-19 Comparison of spatial arrangements among three case studies 
H1
Founded Openning Ownership Beds	capacity Land	area Building	area Above	ground Underground Working	hour Accredita=on HVAC	system
2005 2011 Public	University	
Hospital	
302 12,099	m2 99,553	m2 9 3 13hrs/day	(Mon-Fri	7-20)	
4-5hrs/day	(Sat-Sun	8-12)
HA,	Thailand	Quality	Award Central	system/  
Water-cooled	chilled	water
Out-pa=ent	Department ~5000	paOents/day Exam	Room
In-pa=ent	Department 100%	Bed	occupancy	rate Pa=ent	Room
H2
Founded Openning Ownership Beds	capacity Land	area Building	area Above	ground Underground Working	hour Accredita=on HVAC	system
2010 2012 Public	University	
Hospital	
344 53,976	m2 165,270	m2 14 3 14hrs/day	(Mon-Fri	7-21)	
14hrs/day	(Sat-Sun	7-21)
The	Joint	Commission	InternaOonal	
(JCI)
Central	system/  
Water-cooled	chilled	water
Out-pa=ent	Department ~1000	paOents/day Exam	Room
In-pa=ent	Department 80%	Bed	occupancy	rate Pa=ent	Room
H3
Founded Openning Ownership Beds	capacity Land	area Building	area Above	ground Underground Working	hour Accredita=on HVAC	system
1992 1996 Private	Hospital	 150	(*max500) n/a 56,235	m
2 12 0 16hrs/day	(Mon-Sun7-23) HA*,	ISO	9001:2000, ISO	9002
Central	system/  
Water-cooled	chilled	water
Out-pa=ent	Department ~1000	paOents/day Exam	Room
In-pa=ent	Department 80%	Bed	occupancy	rate Pa=ent	Room
 1
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 This study mainly focused on out-patient department (OPD), which can be 
considered as public area serving the largest number of patients and visitors every day. Its 
physical environment lead to massive impacts on majority of healthcare consumer. In 
case of Thai public hospitals, patients and visitors have to spend time up to six hours in 
the OPD (Sattayakorn, 2016). With a limited accessibility and availability, the 
measurements and occupant surveys took place in five OPD clinics, including department 
of medicine (Med); ear, nose and throat (ENT); and dentistry (Dent). The data was 
collected during daytime in public waiting areas, nurse stations and clinical examination 
rooms. 
 In addition, the measurement was also done in IPD because its reflect the 
environmental quality of a hospital concerned by patients. The empirical data in the 
generic physical environment of a single bed patient room, which is commonly dependent 
on air conditioning systems, was collected. The access to a patient room is limited to 
availability. For in-patient department (IPD), half of in-patients that involved in this study 
were in a maternity ward, and ward of gastroenterology and oncology, as well as a long 
stay ward. 
 Occupants & Utilisations 
 This study observed occupant behaviour to understand the utilisation of clinical 
space. The number of users in the medicine OPD clinic of the public university hospital 
was in average about 192 people per days, which reached up 255 people during peak 
hours in the morning (between 8-10 am). While the maximum number of users at ENT 
OPD was up to 346 people in the morning session. 
 For a deeper understanding on the time spent by each patient and visitors in the 
clinic, 42 patients were randomly invited to take part in a behavioural mapping 
observations. The mapping method is shown in Figure 3-20 as an example. According to 
the observations, patients and visitors were considered as temporary users with more than 
two hours average waiting time, and the maximum time spent in the hospital environment 
was up to 15 and 9.5 hours for patients and visitors respectively. 
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"  
Figure 3-20 Behavioural mapping of MED OPD patients 
 Furthermore, the finding at medicine OPD, for example, indicated that 
patients spent more than 50 % of the total time in the waiting area (Figure 3-21). This 
information addressed on how the indoor environment quality in OPD waiting areas 
could affect on comfort and satisfaction of patients, as well as visitors. 
 For medical staffs who treat hospital as their work place, the average working 
time for one working shift was about 10.5 hours per day. However, there were many cases 
that the healthcare staff continued working for two shifts in a roll. Regarding to both case 
studies, an average length of stay was around 4-5 days for the occupants of IPD. 
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"  
Figure 3-21 Time spending in MED OPD 
3.3 Data collection 
 The research employed a quantitative measurement on the actual performance of a 
physical setting in the case study, especially IEQ performance to identify the relationship 
and to re-affirm and strengthen the qualitative findings obtained from the interviews, 
questionnaire surveys, and a literature review. The empirical data were collected from 
July to November 2015 and March to May 2016, at three case study hospitals in Thailand. 
 Data collection involved objective and subjective data. The indoor environmental 
features which were set as objective independent variables and can be categorised into 
two main groups, including spatial and environmental factors. The data concerning spatial 
factor comprised of architectural design and planning of space, way finding, accessibility, 
and orientation, natural landscape and elements. The objective data concerning 
environmental factor included the IEQ parameter of thermal comfort, air quality, lighting 
and acoustic environment. Furthermore, to evaluate the complex relationship of these 
objective data, the study also examined on subjective human factors, including occupant 
behaviour, perception and satisfaction on spatial and IEQ parameters, as well as a healing 
potential. 
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3.3.1 Spatial factor  
 Objective data of architectural and spatial factors were collected through visual 
surveys. Researcher accompanied with up to 8 research assistants conducted the on-site 
detailed observation. Before beginning the process of IEQ measurements, data on 
architectural and space planning, physical characteristic of environmental settings, as well 
as their local climate responsiveness will be recorded by mapping, sketch, and 
photographs. Architectural or as built drawing of investigated area was required, however 
the spatial arrangement and details in each measurement area were recorded on a sketch 
as an example in Figure 3-22. In addition, data on occupants’ behaviour were collected by 
on-site detailed observations and mappings. 
"  
Figure 3-22 Records for spatial conditions in MED OPD 
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3.3.2 IEQ measurement 
 Equipments 
 IEQ data were collected by installing more than 16 indoor climate sensors as in 
Figure 3-23. The devices were set for 10 minutes recording interval installed at 
approximately 1.10 meter above the floor in patient rooms and public waiting areas, and 
above the work plane in medical exam rooms and nurses station of the specified areas. 
"  
Figure 3-23 Indoor climate censoring devices 
 Measurement 
 This study measured indoor environmental conditions in the case study hospitals 
by running two sets of measurements. Firstly, to understand the actual situation and IEQ 
performances in the case study hospitals, this study conducted a long-term IEQ 
measurement. Secondly, for the purpose of thermal comfort prediction according to PMV 
model, current IEQ conditions around each interviewee were recorded during the 
occupant’s satisfaction survey. 
 A long-term IEQ measurement:  
 To understand the actual environmental conditions in the case study hospitals, this 
study conducted a long-term time-series automated measurements of the five major IEQ 
factors in the out-patient department (OPD), in-patient department (IPD), and the short-
stay unit of each case study. Those major IEQ factors included the air temperature, 
relative humidity, carbon dioxide concentration, sound level and illuminance. Internal 
conditions data on-site was continuously recorded at 10 mins interval for 4 months in 
public waiting areas, nurse stations, clinical examination rooms of the 7 OPD clinics, 1 
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short-stay department, and 9 patient rooms. Table 3-2 shows the details for measurement 
methods and devices for a long-term measurement. 
 An example of planning for devices installation, and methods of measurement in 
OPD areas are shown in Figure 3-24 and 3-25. The Figure 3-26 shows the details for 
installation of the long term indoor climate sensors in a patient room. 
"
Figure 3-24 Device installation plan for longterm measurement at OPD 
Table 3-2. Methods and devices for long-term measurement
IEQ parameter Devices Record Interval Department Place Data Collection
Lighting 
distribution LX-2000SD  Once
Premium MED 
OPD
Waiting area 
Nurse station 1-11 March 2016
Sound SL4023SD 60 mins
MED OPD
Waiting area 
Nurse station 
Exam room
3-9 July 2015 
17-20 November 2015  
20-24 May 2016
CO2 concentration TR-76Ui 10 min
ENT Waiting area & Nurse station 
3-9 July 2015 
17-20 November 2015  
Air temperature/  
Humidity/ 
Illuminance
TR-74Ui 10 min Dental clinic
Waiting area & 
Nurse station 
Exam room
20-24 May 2016
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"  
Figure 3-25 Device installations for long-term measurements at OPD 
!  
Figure 3-26 Device installations for long-term measurements in patient rooms 
 A short-term measurement during satisfaction survey: 
 Throughout the process of occupant’s satisfaction survey, research assistants 
recorded and collected the actual IEQ conditions around each interviewee. Apart from 
those major IEQ parameters, including air temperature, relative humidity, carbon dioxide 
concentration, sound level and illuminance; the data of globe temperature and wind 
velocity was collected during the day time in OPD clinics, and at least 30 minutes in each 
patient room. Methods and devices for a short-term measurement were summarised in 
Table 3-3. 
 The interval time for recording data was set at 10 minutes in OPD clinics, and 
every one minute interval for patient room. The devices also installed at 1.10 metres from 
the floor or above the work-plane. The Figure 3-27 shows some examples of the indoor 
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climate sensors installation for the short-term measurements. Altogether the 
measurements were done in 7 OPD clinics, and 53 patient rooms. 
"
Figure 3-27 Device installations for short-term measurements during interviews 
3.3.3 Thermal comfort prediction according to PMV model 
 To predict the thermal comfort according to PMV methods, the additional 
environmental conditions around each interviewee were simultaneously recorded. The 
added IEQ parameters included globe temperature, wind velocity, and sound conditions 
was used in calculations of PMV value. Also, for a thermal comfort assessment based on 
the PMV calculation, the occupant characteristic related to metabolic rate and clothing 
insulation were estimated from subjects’ activities and their clothing at the time of 
interview. 
Table 3-3. Methods and devices for IEQ measurement during interviews
IEQ parameter Devices Record Interval Department Place Data Collection
Air speed Anemometer 60 mins
OPD 
&  
IPD
Waiting areas 
Nurse stations
During questionnaire 
interviews 
—— 
1-11 March 2016 
3-9 July 2015 
17-20 November 2015  
20-24 May 2016
Sound SL4023SD 60 mins
Mean radiant 
temperature
RTR-52A 
7” Globe 1 min
CO2 concentration TR-76Ui 1 min
Nurse stations 
Patient rooms
Air temperature/  
Humidity/ 
Illuminance
TR-74Ui 1 min
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 Mean radiant temperatures (MRT)  
 The mean radiant temperatures were calculated according to the equation in ISO 
7726 (1998) for a standard globe diameter of 0.15m,  and Ɛ=0.95.  
MRT = [(GT+273)4 + 2.5 x 108 x va0.6 (GT-Ta)]1/4-273 
where GT= globe temperature, va = wind velocity and Ta = air temperature. 
 Metabolic rate (MET) 
 The metabolic rate was determined by observing each occupant’s activity level 
according to the metabolic rates for typical tasks in ASHRAE Standard 55 (ASHRAE, 
2013). Apparently, the activity of patient and other healthy companions, as well as 
medical staff were significantly different. Generally, the metabolic rate of out-patients had 
calculated at 65W/m2 (1.1 Met) level for a sitting condition with light activities which 
was similar to visitors and accompanying person, while the average metabolic level for 
medical staffs who were working, both seating and standing at the counter was used at 
75W/m2 (1.3 Met). 
 The metabolic rate for in-patient involving in this research was based on the 
reclining position on the bed. To date, there is no data or research on the specific 
metabolic rate for patients. Since the sleeping and reclining positions have almost no 
activity and their metabolism rate are the least active, this research assumed there is no 
significant difference of the metabolic rate for sleeping and reclining position between 
healthy occupants and patients. According to ASHRAE, there is slightly different between 
the metabolic rate for sleeping and reclining position of healthy population which 
indicated an activity level of 45W/m2 (0.8 Met) for reclining position. The MET level for 
sleeping is slightly lower than reclining. 
 Clothing insulation (Icl) 
 Clothing insulation values were derived by applying the equation from ISO 9920 
(ISO, 2007);  
Icl = 0.161 + 0.835 x ΣIclu 
where Iclu is the effective thermal insulation according to the table of the insulation 
values of typical clothing ensembles. For example, the clo value for medical staff was 
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calculated from their uniforms with a jacket at 1.0 Clo, and without jacket average at 0.7 
Clo. Apparently, the value was quite different from patients and visitors who normally 
came to the hospital with more casual clothing.The figure 3-28 shows the example of 
stuff uniforms and the common clothing of patient. 
"  
Figure 3-28 Staff uniforms and common clothing of patient 
 The effect of chairs was omitted in the PMV calculation for the out-patients, and 
visitors because those used in the case study hospitals were made from widely spaced 
wooden cords that provided almost no thermal insulation. In this matter, Ferraro et al. 
(2015) also noted that the effect of clothing insulation (Icl) related to posture and chairs 
can be excluded from the evaluation for healthcare occupants. This is mainly because an 
increase in clothing insulation (Icl) related to chairs is counterbalanced by a decrease of 
Icl effect by the posture. 
 For an evaluation of thermal comfort for in-patients, it is important to include the 
clothing insulation of a bedding. The bedding ensemble that comprises of a single bed, 
mattress, sheets, and blanket was taking into account in this research. This is mainly 
because the total insulation resistance of bedding highly affects thermal comfort for a 
resting patient with a reclining posture. By far, none of standard for a thermal comfort 
evaluation clearly indicated how to include a bedding insulation value for a patient. This 
study then estimated thermal insulation of patients’ bed by referring to the results from 
previous research on measuring the total insulation values for the bedding systems in 
subtropics by Lin and Ding (2008). 
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3.3.4 Occupants survey 
 For a comprehensive evaluation on the occupants comfort and the indoor 
environmental quality, a validation of data gain from assessment tools is needed. The 
subjective human factors, including occupant behaviour, perception and satisfaction on 
spatial and IEQ parameters, as well as a healing potential were observed. Questionnaire 
surveys on occupants satisfactions on hospital IEQ and their health outcomes helped to 
indicate how the occupants perceived and satisfy with their indoor environment.   
 Subjects and sample size 
 This research targets local healthcare occupants, including patients and visitors, as 
well as medical staffs. The sample size of respondents was calculated from the highest 
number of users per day in each department, including patients and staffs, by using 
Yamane’s formula (Yamane, 1967) with 95% confidence level and 5% allowable errors. A 
total of 1,017 occupants, 928 from OPD, and 89 IPD were randomly invited to participate 
in this research. The OPD occupants included 451 patients, 331 visitors and 146 medical 
staff. IPD occupants comprised of 41 in-patients and 48 companions at 53 patient rooms. 
The companion is a relative, a partner or a friend that is in charge of a patient care sitting. 
This research focused on in-patients who admitted and stayed in the hospital for at least 
one night, while the surveys at OPD were performed after 15 minutes of entering clinic as 
so to target only occupants with more than 15 minutes of occupancy.  
 About 65 % of out-patients and visitors were female, and the rest were male. The 
average age of out-patients and visitors was 47 and 42 years, respectively, whereas the 
Table 3-4. Information of respondents for questionnaire survey
Department User Area N= 1,017
Age*  
(years)
Service length/ 
Working hour* 
(day/hr/min)
OPD
Patient OPD Waiting area 451 47.2 2h 22m
Visitor OPD Waiting area 331 42.8 2h 17m
Staff Nurse station  
Exam room
146 31.1 10h 38m
IPD
In-patient Patient Room 41 42 4d 5h 59m
Companion Patient Room 48 47 5d 5h 21m
*Average data  
** Excluding long stay 
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staff participants’ age was around 31 years on average. For IPD respondents,  about 78 % 
of the in-patients were female, and the rest were male, whereas the female companions 
was 56 %. The average age of in-patient is 42 years old. The detailed information for 
respondents  involved in this study is shown in Table 3-4. 
 A half of patients that involved in this study were in a maternity ward, while 
patients in the wards of gastroenterology, oncology and general medicine were around 10 
% equally and 15 % of patients had problems concerning a respiratory tract and viral 
infection. The rest were having other diseases such as nephritic, blood circulation, ear 
nose throat, and endocrine disease. 
 Additionally, to focus on the influence of health factor on thermal sensation in 
Chapter 5, this study combined the number of patients regardless to their service 
department in order to generate the most accurate result. The data of disease and health 
conditions of patients from both IPD and OPD was grouped and separately analysed. 
Table 3-5. Health conditions and diseases of patients
Health conditions Number %
1 Allergy & Immunology 11 2.19
2 Blood & Circulation 17 3.38
3 Brain & Nervous System 13 2.58
4 Cancer 45 8.95
5 Digestive System 42 8.35
6 Endocrine System 57 11.33
7 Eye/Ear/Nose/Throat 75 14.91
8 Heart & Vascular Disorders 47 9.34
9 Infectious Diseases 33 6.56
10 Musculoskeletal 21 4.17
11 Nephrology 15 2.98
12 Reproductive System 5 0.99
13 Respiratory 21 4.17
14 Maternity 20 3.98
15 Other 81 16.1
Total 503 100%
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Diseases in patients and their health conditions were categorised by organ and body 
system according to the medical reference guide by the Medical Centre, University of 
Maryland, as shown in Table 3-5.   
 Survey methods 
 Occupant satisfactions surveys on IEQ were conducted in July and November 
2015 at the out-patient and in-patient departments, and during July 2015 to May 2016, at 
53 patient rooms of 5 different wards of two case study hospitals in Bangkok. Total of 
1,017 occupants were randomly invited to take part in the semi-structured interview 
following the questionnaire. 
 The process of interview for a satisfaction survey took approximately 10-15 mins 
per participant. Then, participants were requested to complete the self-reported of the 
DASS 21 scoring. As this DASS21 scoring of questionnaire involve the sensitive 
information on their mental status, the participation for this section was purely voluntary. 
The whole process was around 15-20 mins. Throughout the process of occupants survey, 
the actual performance of indoor environmental parameters around each interviewee were 
continuously recorded, and at least 20 mins in a patient room. 
 Ethical clearance  
 Since this research involves human subjects, the ethical clearance was considered 
and sought prior to any research activity being undertaken. The researcher, as well as all 
research assistants were reviewed and conducted the research ethically to protect the right 
a and welfare of research subjects. This study was registered and approved by the Siriraj 
Institutional Review Board and Committee on Human Rights Related to Research 
Involving Human Subjects in Thailand for ethical clearance.  
 Subjects involved in this research were purely on voluntary basis. Participants 
have their rights to withdraw or terminate from research activities. All personal data and 
information are confidential. None of information that can identify an individual is 
recorded.  
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3.3.5 Stakeholder interview 
 In addition to adopting green design criteria from the literature, we acquired the 
different perspectives of hospital stakeholders concerning a design of Thai public 
hospitals. Data concerning local user experiences, considerations and expectations of 
public hospitals in Thailand were collected by an online questionnaire survey in October 
2014. By simple random sampling, we selected 129 respondents from a wide range of 
Thai public hospital users, including local patients and visitors. Appendix D shows the 
details of online questionnaire survey.  
 Next, to better understand the design issues regarding local context 
appropriateness and to establish design criteria and considerations for public hospitals, we 
conducted the face-to-face semi-structured in-depth interviews of healthcare stakeholders 
with hospital design and construction experiences. A set of open-ended questions used for 
interview are listed in Appendix C.  
 The As shown in Table 3-6, a total number of 12 local healthcare stakeholders, 
consisting of medical staff, building and facility managers, and architects were invited to 
share their experiences, insights and expertise on public hospital design. With this 
collected data, we can rethink and identify the importance of certain design criteria, 
considerations and concerns that would enhance healthcare design in Thailand.  
3.3.6 Questionnaire 
 Sensation and satisfaction surveys 
 This present study used the same set of questionnaires for all hospitals. The 
questionnaire comprised three main parts concerning a perception of indoor environment 
in each department. The first part aimed to collect general information and background of 
Table 3-6. Participants for the stakeholder in-depth interview
Roles No. of respondents Date 
Building Directors 2 Dec 2014
Architect & Interior Designers 5 Dec 2014/Mar 2016
Building Facility Managers 3 Dec 2014/Mar 2016
Building Occupants 2 Dec 2014/Mar 2016
Total 12
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respondents, which asked slightly different questions to patients, visitors, and medical 
staffs. The information concerning the illness and health conditions of occupant were also 
recorded. The second part related to users’ perceived indoor environment and thermal 
comfort, including their perception of, sensitivity to, and satisfaction with the five major 
IEQ parameters. The third part questioned on users’ perception and satisfaction to spatial 
arrangements and architectural design of the clinics. The sample of questionnaire and the 
coding for quantitative analysis are shown in Appendix A. 
 Participants were requested to express their judgement in a 7-point sensation scale 
on thermal comfort (temperature and humidity), brightness, sound level, and air quality. 
Table 3-7 shows the 7-points scale based on the ASHRAE thermal sensation scale for the 
environmental comfort vote used in this study. There was also a question asking about 
occupants’ satisfaction on overall environmental comfort and each IEQ performance in 
the department, as well as the acceptability, expectation and preference, as well as 
importance of each IEQ parameter. 
 DASS21 
 To gain in-depth information on an association between IEQ, comfort and mental 
condition as a key for healing environment; the DASS21 scoring was used to examine 
psychological status of healthcare occupants. DASS 21 scoring is the widely used in a 
psychiatric clinic to pre-determine an emotional state of depression, anxiety, and stress 
Table 3-7. A 7-point sensation scale for an environmental comfort vote
-3 -2 -1 0 +1 +2 +3
Temperature Cold Cool Slightly cool
Neutral
Slightly warm Warm Hot
Humidity Very dry Dry Slightly dry Slightly humid Humid Very humid
Illuminance Very dark Dark Slightly dark Slightly bright Bright Very bright
Acoustic Very noisy Noisy Slightly Noisy Slightly quiet Quiet Very quiet
Indoor Air Very unfresh Unfresh Slightly unfresh Slightly bright Fresh Very fresh
Comfort 
Satisfaction n/a Dissatisfied
Slightly 
dissatisfied Neutral
Slightly 
satisfied
Satisfied
n/a
Change 
preference n/a n/a
Cooler No 
change
Warmer n/a n/a
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experienced by normal subjects. This self-reported scales was developed since 1995 by 
the researchers at University of New South Wales, Australia.  
 This scoring system is based on 5 levels of mental states of depression, anxiety, 
and stress including; normal, mild, moderate, severe, and extremely severe (Lovibond & 
Lovibond, 1995). The scores on the DASS-21 will need to be multiplied by 2 to calculate 
the final score. Then, the mental state of participants can be determined according to the 
recommended cut-off scores of each level which is shown in Table 3-8 below. More 
details about questions and the scoring can be found in Appendix B. 
Source: Lovibond, S.H. & Lovibond, P.F. (1995). Manual for the Depression Anxiety & Stress Scales. 
(2nd Ed.)Sydney: Psychology Foundation. 
 After the occupants satisfaction survey, respondents were requested to complete 
the self-reported scales of DASS21. As this mental scoring involves a sensitive 
information on mental status of participants, a participation for this DASS21 section was 
purely voluntary. A Total of 451 occupants, including medical staffs, patients and visitors 
was participated, which was about half of the satisfaction surveys. Table 3-9 shows the 
information of respondents to DASS 21 scoring.  
Table 3-8. Recommended cut-off scores for DASS
Depression Anxiety Stress
Normal 0-9 0-7 0-14
Mild 10-13 8-9 15-18
Moderate 14-20 10-14 19-25
Severe 21-27 15-19 26-33
Extremely Severe 28+ 20+ 34+
Table 3-9. Information of respondents for DASS 21 
User N= 451 Age*  (years)
Service length/ Working hour*  
(day/hr/min)
Patient 173 39.7 2h 07m
Visitor 140 37.4 6h 19m
Staff 137 31.1 10h 38m
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 In total samples, there were 133 (29.5%) male, and 318 (70.5%) female. 
Regardless of staffs who is working in the hospitals, almost 50% of users are visiting the 
hospitals more than few times per year, about 20%  of users are coming at least once a 
month or more. Only 10% of users are infrequent users and new comers. 
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Chapter 4. Criteria & consideration for hospital design 
Hospital standards established in Thailand and/or other countries in Tropic region mainly 
based on the Western, however, the requirement for comfort and IEQ is varied according 
to climate, culture, and individuality. Thus, this chapter aims to identify IEQ parameters 
that associate and contribute to healthcare design in a tropical context by clarifying the 
significance of IEQ parameters in the criteria and considerations for healthcare design. 
The detailed discussion includes three main sections. The first section identified the 
issues, requirements and design considerations for healthcare design in the context of 
Thailand, as well as the design criteria according to the existing green healthcare 
assessments. All criteria and considerations were summarised and categorised in the 
second section. Then, the final section purposely discussed on the particular topic of IEQ 
that would realise a green healthcare model in a tropical region.  
4.1 Design criteria & consideration 
4.1.1 Green hospital design criteria 
 Since the green movement has expanded its concept to hospital design, the 
international rating scheme for hospital building had been announced. The widely 
acknowledged schemes includes LEED 2009 for Healthcare, BREEAM Healthcare and 
Green Star Healthcare V1 (USGBC, 2014, BRE Global, 2008, GBCA, 2009). Those 
international established green healthcare assessment are trying to provide an effective 
framework for assessing environmental performance in a healthcare building which 
focusing on different criteria areas of sustainability and categories.  
 To clarify the design criteria, considerations and concerns that are vitally 
important for public hospital design in a hot-humid context, this research involves the 
identification of concern factors for green healthcare design, IEQ factors in particular, 
from existing green building assessments. Considering the points of distribution for each 
rating criteria, energy efficiency is the most concerned (Sahamir and Zakaria, 2014). Only 
LEED includes small points for regional priority credits.  
"53
 Table 4-1 shows the comparison of assessment criteria and weighting of the 
established green rating system for healthcare and the Thai green building rating. The 
result revealed that those three major green healthcare ratings focus on the similar criteria. 
The distributions of score as illustrated in Figure 4-1 have been given to energy, indoor 
environment quality, and materials & resources as their top three criteria. While LEED 
Healthcare has put more concerns on the energy issue, the Green Star Healthcare has 
given their highest importance to indoor environment quality. Health and well being is the 
next important criteria after energy for BREEAM healthcare rating system, which 
involves detailed assessments on indoor environment quality. 
Table 4-1. Assessment  criteria for green healthcare
Rating 
System Country Year Assessment Criteria
Credits 
(points)
Weighting 
(%) Rating Benchmarks
LEED 
Healthcare
US 2009 Sustainable Sites  
Water Efficiency  
Energy & Atmosphere  
Materials & Resources  
Indoor Environmental Quality  
Innovation in Design  
Regional Priority Credits  
Total
18 
9 
39 
16 
18 
6 
4 
110
16.4 
8.2 
35.5 
14.5 
16.4 
5.5 
3.6
Certified  
Silver  
Gold 
Platinum
40-49  
50-59  
60-79  
>80
BREEAM 
Healthcare
UK 2008 Management  
Health & Well Being  
Energy  
Transport 
Water  
Materials  
Waste  
Land Use & Ecology  
Pollution  
Total
12 
15 
19 
8 
6 
12.5 
7.5 
10 
10 
100
12 
15 
19 
8 
6 
12.5 
7.5 
10 
10
Unclassified  
Pass              
Good             
V Good          
Excellent       
Outstanding 
<30 
>30 
>45 
>55 
>70 
>85
Green Star 
Healthcare
AUS 2009 Management  
Indoor Environment Quality  
Energy  
Transport  
Water  
Materials  
Landuse & Ecology  
Emissions  
Innovation  
Total
17 
31 
29 
12 
14 
29 
8 
17 
10 
167
10.2 
18.6 
17.4 
7.2 
8.4 
17.4 
4.8 
10.2 
6.0 
4 Star: Best 
Practice  
5 Star: 
Australian 
Excellence  
6 Star: World 
Leadership  
45-59  
 
60-74  
 
 
75-100
TREES* Thai 2010 Building Management  
Site & Landscape  
Water Conservation  
Energy Conservation  
Materials & Resources  
Indoor Environmental Quality  
Environmental Protection  
Innovation  
total
3 
16 
6 
20 
13 
17 
5 
5 
85
3.5 
18.8 
7.1 
23.5 
15.3 
20.0 
5.9 
5.9 
Certified  
Silver  
Gold 
Platinum
30-37  
38-45  
46-60  
>61
*Green building rating for any new construction building, not specialised for healthcare
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Figure 4-1. Wighting of criteria for green healthcare 
 It can be said that their criteria mainly concerned about the physical environment 
and their surrounding. Although BREEAM has started to emphasise on the factor 
concerning human well-being, most of the factors that were given a special attention 
involves non-human. In addition, since a suitability of the selected criteria is expected to 
depend on context, this study also carefully compared these criteria with stakeholders’ 
perspectives and the actual performance of the physical environment in a Thai public 
hospital.  
4.1.2 Design considerations from stakeholder perspectives 
 Rather than focusing only on literature-reported design considerations, a semi-
structured in-depth interview and a questionnaire survey were used to explore and to 
understand the various requirements and perspectives of different healthcare stakeholder 
and occupant satisfactions. The results from the stakeholders interviews lead to a 
reconsideration of local requirements and issues relevant to healthcare design, and to 
identify the critical design considerations in the Thai context. The interview questions and 
key answers were summarised in Table 4-2.  
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 According to the interviewees’ response, the important criteria identified by 
stakeholders were assigned into two groups, namely the spatial or environmental as 
detailed below. 
 Spatial considerations 
 Regardless of age, gender, personal preferences and socio-economic background, 
all interviewees rated functionality and practicality of space as the first priority. Although 
medical service flows are generally similar, each public hospital has its own management 
system; consequently, hospital space planning should be customised to suit the service 
routines. Nevertheless, spatial arrangements of public hospitals in Thailand are based on 
standard plans that are not site-optimised. This problem also leads to concerns about case 
specificity and local climate responsiveness. 
Table 4-2. The key answers to the interview questions
Interviewee 1:  
Architect
Interviewee 2:  
Architect/ Facility 
manager
Interviewee 3:  
Architect
Issues of Thai hospital 
design process
• Lack of Knowledge and 
awareness on area 
requirement 
• Limited budget 
• Lack of preparation for 
changing medical 
technology 
• Limitation of land area 
• Different workflow of 
medical treatment  
• Use of standard drawing 
• limitation of site and area 
requirements 
• Poor management system 
• lack of awareness on 
changing medical 
technology  
• lack of concerns on healing 
environment 
Local design criteria 
and considerations
• Functionality and 
practicality  
• Standard drawing used 
nationwide 
• Natural ventilation 
• Local climate 
responsiveness
• Time/ Cost/ Quality 
• Infection Control (IC) 
• Energy efficiency 
• Healing Environment  
• Functional appropriateness 
• Healing environment and 
social support 
• Energy consumption 
• Lighting/ Air-conditioning 
system 
• Building envelope
What make Thai 
hospital different?
• Culture/ Social 
interaction and support 
• Local climate 
• Tropical insects & 
mosquitoes 
• Heavy use of air-con > 
Urban Heat 
• Natural - Hybrid 
ventilation 
• Healing environment
• Infection Control (IC) 
• Functional and 
Practicality 
• Expectation of fast & 
accurate services 
• Adequate space and 
planning
• Future Expansion 
• Management, Queuing & 
appointment systems 
• Cultural & Religious 
Support
Significant 
considerations based 
on local Thai context 
appropriateness
• Practical planning/ 
Functionality  
• Quality of life 
• No harmful to physical 
health 
• Healing environment
• Infection Control (IC) 
• Energy efficiency 
• Healing environment 
• Lighting 
• Indoor Air Quality
• Functionality  
• Healing environment
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  Local architects emphasise not only facility planning but also context-based issues 
for overall architectural design. Urban hospitals must admit a large number of patients 
within a limited land area; therefore, vertical expansion and deep floor planning are 
mandatory. This mega-hospital concept presents a major challenge for local architects, 
who must find an appropriate design within a tropical context. 
 Other spatial considerations noted by Thai healthcare stakeholders are patient-
centred designs such as accessibility, universal design and occupants’ comfort and 
behaviour. As various design characteristics of healthcare facilities influence the well-
being of occupants (Gensler, et al., 2004; Rollins, 2004), many of the interviewees, 
especially the Thai healthcare designers, expressed strong awareness of a healing 
environment for patients. To these interviewees, the spatial design and planning of 
facilities should improve patients’ quality of life by connecting them to the natural 
environment as far as possible. The same planning can also improve staff outcomes, as 
indicated by Ulrich et al. (2008). These authors reported that a well-designed physical 
environment improves the safety and healing capacity of the environment for patients and 
provides a quality workplace for staff. 
 The next priority of medical staff and architects is adequacy and flexibility of 
space, which is necessary for medical advancement and the growing number of patients. 
One local architect interviewee stated that functional and area requirements differ 
between local Thai people and their Western counterparts. The in-patient rooms of Thai 
public hospitals require slightly larger space since family and visitors are always 
accommodated with the patient. Consequently, each family member requires a sleeping 
area, a separate washing area and cooking facilities. Ideally, the visitors should occupy a 
common living space outside of the patient’s room. 
 Environmental considerations 
 Many healthcare stakeholders regarded environmental issues as the dominant 
facet of green hospital design. Their primary concerns were the quality of the indoor 
environment and energy consumption. According to a previous semi-structured in-depth 
interviews of healthcare stakeholders with Thai public hospital design experiences, all 
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stakeholders rated indoor air quality (IAQ) as an important factor because it vitally gives 
a rise to airborne infections. 
 The medical practitioners acknowledge that an issue of indoor air is one of a 
major problem for a deep block planned hospital since it is related to airborne infections. 
One medical practitioner stated that ‘Indoor air quality of medical service areas is my 
major concern since it associates with occupants’ health and airborne infections. Many 
public hospitals in Thailand have very poor ventilation systems because the standard 
planning was designed for natural ventilation, but most of them (the hospitals) later 
adjusted to air-conditioned space. A few nurses get sick with tuberculosis every year in 
my hospital’. 
 Reducing energy consumption was the next environmental priority indicated by 
stakeholders, especially architects and designers. Since healthcare facilities must operate 
at all times, they consume large quantities of energy. This study reviewed the data on 
electric consumption in the case study hospital which indicated that the overall 
consumption of electricity in the case study hospital was lower than the mean 
consumption in Japanese hospitals, however it was continuously rising up every year. 
 Furthermore, the importance of energy efficiency in hospitals has been highlighted 
in several reports. Yungcharoen and Limmeechokchai (2004) reported that Thai hospitals, 
along with other commercial buildings, are vast consumers of electricity. More than 60% 
of this power is divested in heat and moisture removal of conditioned room by the air-
conditioning system. Likewise, the Building Energy Code and Regulations, established 
by the Department of Alternative Energy Development and Efficiency, Ministry of 
Energy (DEDE, 2011) reported that hospitals occupying floor spaces of >10,000 m2 & 
2000–10,000 m2 can potentially reduce their electric power consumption by 17% and 7%, 
respectively. Therefore, energy efficiency is undoubtedly one of the importance and 
should be included in a green hospital design consideration in the Thai context. Local 
architects urgently need to consider energy efficiency in their healthcare design practices. 
 Additionally, the importance of the identified factors was subjective, and 
depended on the stakeholder's experience, however the interviewees also pointed out that 
the human factors are highly important and underlie all other factors. The significance of 
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factors concerning IEQ identified by healthcare stakeholders was verified when 
investigating the performance of the physical environment in a case study hospital in 
Bangkok. 
4.1.3 Local concerns on physical environment of Thai public hospitals 
 This research launched a pilot survey to draw out the general concerns by local on 
the physical environment in Thai public hospitals. The question with multiple answers 
asked about user opinion on their environmental concerns for hospital design, particularly 
for a large public hospital building. A summary of the physical attributes that were given 
a concern are shown in Table 4-3. 
Table 4-3. The local concerns given on the physical attributes in Thai public hospitals
Variables Definitions/ Specific variables Variables Definitions/ Specific variables
Accessibility* All department S e c u r i t y & 
Safety*
Security around and inside hospital
Parking Safety around and inside hospital
Public transport Fire safety system
Registration counter A m e n i t y & 
Facility*
Parking availability
Seating area Canteen
Examination and treatment room Children area
Comfort * Cleanliness Reading corners
Air quality Restroom
Lighting Religious supported facility
Natural lighting Drinking water 
Privacy Hand Cleanser
Furniture Landscape* Outdoor natural landscape/ garden
Decoration Indoor natural landscape/ garden
Quietness/ noise Natural elements inside building
Thermal comfort & temperature Utilisation of outdoor/indoor garden
Building material Visibility to outdoor/ indoor natural 
landscape
Wayfinding* Signage Aesthetic or 
presence
Concern of local users about the aesthetic 
of physical environment in a hospitalInformation board
Staff support Others Other concerns that were not given on the 
lists
"59
 Analysing the online questionnaire survey results, we found that several 
independent variables significantly contribute to occupants’ concerns on the physical 
environment of Thai public hospitals. Apart from the cleanliness and maintenance, Local 
users were strongly concerned about factors related to the quality of indoor environment; 
namely, air quality and thermal comfort (Figure 4-2). The next concerns were placed for 
an adequate lighting, no hazardous building materials, and the acoustic environment 
(quietness). 
"  
Figure 4-2. Local concerns on comfort in Thai public hospital 
 Other concerns raised by local users were aesthetic, cultural responsiveness and 
religious support. From their perspective, a user-centred design approach should focus not 
only on user controllability but also offer psychological supports to reduce the stress of 
illness. Because social and religious supports are very important in Thai cultures, public 
hospitals in Thailand should accommodate religious activity and provide facilities that 
encourage social interactions. Thus, this research encourages local healthcare architects to 
humanise their hospital designs. Specifically, the scale and ambience of a Thai public 
hospital should allow for humane characteristics such as local culture and identity. 
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4.2 Categorising criteria and consideration for healthcare building design  
 According to a review of green assessment schemes for healthcare, we selected 
design criteria that contribute to green hospital design as well as to human health and a 
healing environment. This research suggested a set of criteria for green healthcare design 
which can be summarised into three categorises that embrace both non-human and human 
factors. The first and second groups involving non-human considerations include the 
Table 4-4. Criteria and consideration for healthcare building design
Factors Criteria and Considerations Physical Concerns
Spatial Factors Functionality Architectural Design
Practicality of space Space planning 
Infection control Accessibility and way finding
Universal design Orientation
Natural Landscape
Adequacy of space
Flexibility of space
Social & religious supported amenity 
Environmental 
Factors
Efficientcy Air quality 
Infection control Ventilation
Temperature
Humidity
Energy consumption
Lighting
Acoustic environment
Human Factors Quality of life User comfort
Well-being Human behaviour 
Healing environment User controllability
Patients & staff outcomes Connection to nature
Context matter: 
Specific considerations 
in Thai context
Socio-cultural Psychlocal support
Socio-cultural responsive
Religious 
Local culture identity 
Environment Tropical climate responsive
Mosquitoes and insects repellents
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spatial and environmental factors, while the third group is directly related to a human 
factor. Apart form these three main groups; the specific criteria concerning the local 
context cannot be avoided. The sets of criteria and consideration for healthcare building 
design in the Thai context highlighted by this study were brought together in Table 4-4. 
 Spatial factors 
 The spatial factors concern the criteria and considerations for functionality and 
practicality of space to control for an infection and promote a universal design. The 
physical attributes that related to spatial factors includes the architectural design and 
planning of space, way finding and accessibility, orientation, adequacy and flexibility of 
space, as well as natural landscapes and elements. In addition, the hospital should provide 
some amenity for social and religious supports.  
 Environmental factors  
 The environmental factors emphasis on the efficiency and infection control of the 
hospital environment. The key parameters include air quality and ventilation, temperature 
and humidity, lighting, and acoustic environment. Along with the environmental factors, 
the design for healthcare should carefully consider on the energy efficiency by aiming for 
reducing the overall energy consumption. 
 Human factors 
 The human factors, in fact underlie all other factors, mainly aim for improving 
occupants well-being and quality of life, as well as the health outcomes of patients and 
staffs. This groups of criteria also concerns with the healing environment for patients. The 
key indicators for this group of factors cover occupants comfort and behaviour, user 
controllability, and the connection to nature. 
 Context matters: Specific considerations in Thai context 
 Apart from those three groups of factors highlighted in the previous sub-section, 
including the spatial and environmental considerations and human factors, the socio-
cultural factors such as social and religious supports was remarkably addressed in the 
Thai context.  Furthermore, the environmental factors, including the tropical microclimate 
and the need for insect repellent were also emphasised.  
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 Thailand has a damp tropical climate with high temperatures, relatively high 
humidity and high precipitation. Buildings in a tropical region are designed to prevent 
rain and heat gain through building envelope. Such specific requirements should be 
considered in the overall planning and architectural design of healthcare facilities. 
Besides, Thai healthcare stakeholders also expressed concern regarding tropical insects 
such as mosquitoes. As insects are vectors of many diseases (Burgess, 1984), insect 
repellents that prevent vector-borne infection should not be ignored in the hospital design 
plan, especially in a tropical region.   
4.3 When IEQ matters 
 As discussed in the chapter 2 that the indoor environment has profound impact on 
human comfort and health (WHO & Healthcare without harm, 2009, Kaiser B et.al. 2001, 
Mourshed & Zhao, 2012; Ulrich, 2008), the criteria concerning indoor environmental 
quality (IEQ) has been an essential part in determining green building and sustainability. 
Thus, this section involves an identification and determination of the significance of IEQ 
factors for green building assessments. The analysis and discussion in this section are 
based on the triangulation of data in relation to IEQ factors which identified from existing 
green building assessments, occupants’ acceptability of indoor environments from a 
questionnaire survey, and those derived from a quantitative measurement on actual IEQ 
performance in Thai hospital. 
4.3.1 IEQ assessment for green healthcare: Considering the existing standards 
 The assessment criteria and weighting of indoor environmental quality by the 
three major green rating systems for healthcare and the Thai green building rating were 
compared in Table 4-5. According to LEED Healthcare, the parameters that directly 
related to human comfort and health are fallen under the category of Indoor 
Environmental Quality. There are also credits regarding indoor air quality strategies that 
related to health outcomes such as an increase filtration, CO2 monitoring, thermal 
comfort, interior lighting, daylighting and views (Allen. et al, 2015). 
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Figure 4-3. Green rating contribution to each IEQ parameter 
 Green rating contribution to each IEQ parameter 
 Focusing the significance of indoor environment quality (IEQ) of each healthcare 
rating system, similarly, the assessment criteria covers the parameter of lighting, indoor 
air quality and ventilations, VOC emissions, thermal comfort, infection control, acoustic 
performance, and healing environment. As it can be seen from Figure 4-3, the most 
intensity of concern parameters for green healthcare are VOC emissions, lighting, and 
IAQ&ventilation for LEED, BREEAM, and Green Star respectively. While thermal 
comfort is ranked in the middle of their distributions, less but not the last, the issue related 
Table 4-5. Indoor environment quality assessment for green healthcare
Assessment 
Parameter
LEED Healthcare BREEAM 
Healthcare
Green Star 
Healthcare
TREES*
Cred i t s 
(points)
Weighting 
(%)
Cred i t s 
(points)
Weighting 
(%)
Credi t s 
(points)
Weighting 
(%)
Cred i t s 
(points)
Weighting 
(%)
Lighting 3 16.7 5 33.3 6 19.4 5 29.4
IAQ & ventilation 3 16.7 2 13.3 9 29.0 5 29.4
VOC emissions 5 27.8 1 6.7 8 25.8 4 23.5
Thermal comfort 2 11.1 2 13.3 4 12.9 3 17.6
Infection control n/a 1 6.7 n/a n/a
Acoustic 2 11.1 1 6.7 1 3.2 n/a
Healing 
environment
3 16.7 3 20.0 3 9.7 n/a
*Green building rating for any new construction building, not specialised for healthcare
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to healing environment emphasised here. This parameter concerning healing 
environmental mainly involves with the outside views. 
 As mentioned that the assessment criteria concerning indoor environmental 
comfort may be limited to a contextual appropriateness. Thus, the next section will 
discuss about the results from the on-site measurement in the case-study hospital to 
specifically clarify indoor environment parameters that associate and contribute to 
occupants’ comfort and health in Thai & Tropical context. 
4.3.2 Actual IEQ performance in Thai public hospital 
 To validate and strengthen the qualitative results from the literature and 
stakeholder perspectives on green physical environments, we apply our research to the 
actual performance of Thai public hospitals. As a result from IEQ measurements in the 
case study hospitals, the parameters of IAQ & ventilation and thermal comfort have 
significantly contributed to the actual IEQ performance. These two major parameters can 
be identified as the most contributing factor to IEQ performance in Thai public hospital.  
 Among the major IAQ factors, priorities were given to a control of the CO2 
concentration.  According to the measurement results of the CO2 concentration in the 
major service areas of the case study hospitals over 7 days, the CO2 levels were 
undesirably high during working hours (averaging 2,210 ppm and reaching up to 3,100 
ppm at peak hours in the waiting area of the medicine OPD). These levels, which far 
exceed the local IAQ standard (1,000 ppm), indicated that the ventilation system and 
physical space is inadequate for the large number of daily patients. Reducing the high 
CO2 concentration by direct fresh-air intake is difficult in a deep-planned hospital. 
Therefore, to improve the IAQ in Thai public hospitals, a challenge is placed for 
healthcare designer to provide sufficient fresh-air intake even for deep block planning 
facility, and for building manager to maintain the ventilation system in good conditions.  
 An issue of maintaining occupants thermal comfort, involving temperature and 
humidity parameters, in hospital space found critical in Thai case studies and concerned 
as the next of importance. The air temperature and humidity in the OPD medical exam 
room were continuously measured over a 24-h period. The temperature in each room was 
generally below 25 °C during work hours and the lowest recorded temperature was 20 °C. 
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This reduced temperature was accompanied by increased humidity as illustrated in Figure 
3. As is widely known, high humidity is associated with respiratory infections, allergies 
and other illnesses caused by biological pollutants (Arundel, et al., 1986). Therefore, the 
indoor air temperature and humidity should be properly maintained. In addition, in Thai 
public hospital, a proper control of the room temperature also moderated the temperature 
setting behaviour of local users in the air-conditioned rooms. Some users preferred a very 
low temperature setting (22–23 °C), and a setting below 20 °C was found in some rooms. 
Changing the occupants’ room temperature adjustment behaviour to minimise potential 
health problems is an additional challenge. 
4.3.3 IEQ satisfaction of healthcare occupants    
 Not all of the green hospital design criteria necessitate positive outcomes for 
human comfort and healing performances. Occupants’ satisfaction is another vital 
consideration in healthcare design (Setyowati, et al., 2013), therefore, the concern about 
IEQ parameters should considered the users’ acceptability of overall IEQ performance. 
According to the provision by Thai healthcare designers and providers, the environmental 
parameters that notably reflect a requirement and expectation of healthcare occupants 
include indoor air quality (IAQ) and thermal comfort (Sattayakorn et.al. 2015). This 
information was validated with the results from occupant surveys on environmental 
satisfaction in the case study hospitals. Among the IEQ factors identified from existing 
rating system in a previous section, this study investigated on users’ perception and 
satisfaction of major IEQ parameters, including lighting, indoor air quality and 
ventilations, thermal comfort, and acoustic performance in Thai public hospital. 
 The study found that the overall environmental satisfaction of hospital occupants 
is related to their perception on IEQ, and the satisfaction level of overall indoor 
environment by different hospital occupants is significantly associated to different 
physical environmental factors. Regarding the questionnaire survey about users’ 
expectation and importance of each IEQ factors, both patients and staffs had set the 
highest priority for temperature, acoustic environment and air quality. Most of users 
reviews that their level of comfort and satisfaction can be improved when they can adjust 
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the air temperature to meet their criteria. This is mainly because the acceptability of 
indoor environment is subjective and varied by different needs of hospital users.  
 Since the significance of each contributing IEQ parameter varied by different 
affiliation of hospital users, nature of use, and varying need for comfort; there is a need to 
carefully determine the importance of each IEQ parameter and to confine the 
environmental index for an assessment of IEQ according to different hospital occupants. 
More detailed discussion related to this topic explained in Chapter 6. 
4.3.4 Green assessment for healthcare facility in Tropic region 
 At this stage, it is clear that different parameters of IEQ has contributed to 
occupants comfort and satisfaction differently. The green healthcare assessment for IEQ, 
then, should be based on those differences. For future development of green assessment 
for hospital IEQ in a tropical context, this research suggests to follow those major 
parameters of IEQ identified from the review of existing rating systems. The IEQ 
parameters recognised internationally, comprise seven main factors, including lighting, 
indoor air quality and ventilations, VOC emissions, thermal comfort, infection control, 
acoustic performance, and healing environment. However, there is a need to carefully 
determine the significant of each IEQ parameters in correspond to regional context and 
different needs of hospital users.  
 As a result from actual investigation and satisfaction survey, this research 
highlights on four main IEQ parameters including lighting, indoor air quality and 
ventilations, thermal comfort, and acoustic performance as the most contributing factors 
to IEQ in Thai public hospital. These four main IEQ parameter can be clearly identified 
and prioritised in the following section. 
 Weighting determination of the major IEQ parameters  
 The significant of each IEQ parameters is difficult to determine. The importance 
gave to each parameter is various based on IEQ assessment strategies. This study, then, 
evaluated the significance of those design considerations within a green hospital 
framework that is appropriate to the local context. To do this, the study reviewed different 
weighting of each IEQ factors derived from the triangulation of objective measurements 
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and a subjective occupants perceived satisfaction and ranking, in comparing to existing 
green healthcare rating system. However, this weighting will need more detailed 
justification.  
 A weighting determination of the significance of each IEQ parameters for the case 
study was based on the ranking order identified from the actual performance analysis, 
occupants ‘satisfaction and preference on IEQ, as well as the stakeholder perspective 
(Table 4-6). A mean rank over the ranking data was computed by running the Friedman 
test in SPSS. Table 4-7 shows the weight of the four main IEQ parameters according to a 
given credits of each green healthcare rating scheme compare to those derived from the 
case study. It can be seen that the LEED healthcare given not so different credits to those 
main IEQ parameters, lighting and IAQ are more concerned. While the BREEAM for 
healthcare facility puts the highest credit for lighting, the Green Star healthcare is 
emphasised on IAQ. In the Thai context, similar to LEED, TREES concerns on both 
Table 4-6. Significance of each IEQ parameter: a case of Thai hospital
Ranked Actual 
Performance
Environmental Satisfaction Preferences Stakeholder 
perspectives
Patients Staffs Patients Staffs
1 IAQ & 
Ventilations
IAQ & 
Ventilations
IAQ & 
Ventilations
Thermal 
Comfort: 
Temperature
Thermal 
Comfort: 
Temperature
IAQ & 
Ventilations
2 Thermal 
Comfort: 
Temperature
Thermal 
Comfort: 
Humidity
Thermal 
Comfort: 
Temperature
Acoustic Acoustic Thermal Comfort
3 Acoustic Acoustic Acoustic IAQ & 
Ventilations
IAQ & 
Ventilations
n/a
4 Lighting Lighting Lighting Lighting Lighting n/a
Table 4-7. Weighting determination of the major IEQ parameters 
Thermal Comfort Lighting Acoustic 
Environ
ment
IAQ & ventilation
LEED Heathcare 0.80 1.20 0.80 1.20
BREEAM Healthcare 0.80 2.00 0.40 0.80
Green Star Healthcare 0.8 1.2 0.2 1.8
TREES 0.92 1.54 0.0 1.54
Bangkok case study 3.40 1.00 2.40 3.20
*Green building rating for any new construction building, not specialised for healthcare  
** Analysis is limited to the major IEQ parameter only
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lighting and IAQ. However, this study highlighted that the weighting of each IEQ 
parameter of the international rating scheme does not reflect local requirements of 
occupants in a tropical context. The result from the case study revealed that the parameter 
of thermal comfort is ranked for the most importance at 3.40, and the IAQ & ventilation 
is scored at 3.20 as their second rank. 
 In fact, the significant of IAQ, as well as day lighting, was pointed out since 19th 
century by Florence Nightingale with its benefits to healing process. Yet, IAQ has been 
focused as IEQ parameters that result in energy efficiency and comfortable environment 
for hospital occupants. However, the factor of day-lighting is found less important in this 
case of a large block planning hospital. Therefore, the development of green healthcare 
assessment in a tropical urban context needs to address on those IEQ parameters as the 
highest priority, especially thermal comfort and IAQ & ventilation. Then, the factor 
concerning acoustic performance and lighting can be the next concerns. 
 However, the assessment of IEQ is based on different parameters, methods and 
tools. In Thailand, the reference IEQ index for healthcare is adopted from ISO or 
ASHRAE standards which suggests universal values for IEQ performance. To improve 
IEQ in healthcare facility and to guarantee occupants’ health and comfort, there is a need 
to carefully confine environmental index for an assessment of IEQ since different 
occupants could have varying needs of their indoor environment. Nimlyat and Kandar 
(2015) pointed out that an improvement of indoor environmental quality in healthcare 
building can be  achieved when all parameters are included as factors in the building 
design. Thus, this research would like to emphasis that all IEQ parameters are 
coordinated and the importance of each should be set differently according to the local 
context,  functionality and nature of use. To attain this, there is a need to carefully 
understand and determine the significance of each IEQ parameters to different hospital 
occupants. 
 In addition, a lesson learnt from this chapter leads to a conclusion that the green 
hospital design in a tropical region requires a wide perspective and the integration of 
multi-disciplinary factors to achieve a holistic approach to sustainability. In case of the 
Thai public hospitals, its implementation should not only address green design concerns 
"69
but also harmonise certain green criteria with human health and well-being, humane 
design and appropriate socio-cultural supports in correspond to the local context.  
 Since the issue of maintaining occupants thermal comfort in hospital space is 
significantly important according to the context of hot-humid Bangkok, thus, this research 
suggests that further development of green healthcare assessments in a tropical context 
should respond to regional requirements by integrating different needs of various hospital 
users in order to enhance the optimal comfort and IEQ efficiency. Further details on the 
thermal comfort of different healthcare users will be discussed in the next chapter. 
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Chapter 5. Thermal comfort for healthcare occupants 
As identified in Chapter 4 that the IEQ parameter concerning thermal comfort is ranked 
as the most important criteria and considerations for the healthcare design in a tropical 
region. However, the requirement for thermal comfort may vary by different affiliation of 
hospital users, this chapter, therefore, discussed on the particular topic of thermal comfort 
for the healthcare occupants in tropical healthcare environments. This chapter comprised 
of four main sections. The first section of this chapter reveals the information of actual 
indoor environment in the case study hospitals. The second section focuses on the 
evaluation of thermal comfort for different healthcare occupants, including a validation of 
PMV methods and identifying the comfort for occupants in tropical regions. The third 
section carefully discusses on the specific requirement for the thermal comfort of patient. 
Then, the final section addressed on the factors influencing thermal comfort for patients.  
5.1  Indoor environment in Thai hospitals 
 Among the IEQ factors identified from existing rating system in previous chapter 
4, this study measure the actual condition of IEQ parameters, including lighting, indoor 
air quality and ventilations, thermal comfort, and acoustic environment. To understand the 
actual environmental performance, the indoor environment conditions in all measurement 
areas of case study hospitals were revealed and assessed by comparing them with the 
recommended comfort criteria for hospital environments in the existing standard, 
including AIA/FGI, Thai standards, as well as the comfort chart of ASHARE 55-2013. 
 Thermal comfort conditions   
 The actual performance on thermal comfort conditions was indicated by the 
quantitative long-term measurements of air temperature and humidity. The results in 
Figures 5-1 and 5-2 show that the average air temperatures of the case studies range 
between 20.5 and 29.3 °C at 43 - 83 %RH in OPD waiting areas, and 20.4 - 31.2 °C at 41 
- 88 %RH in the patient rooms. While the temperature was as low as 19.8 to 29.6 °C at 40 
- 85 %RH in exam rooms and nurse stations.  
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 The air temperature at hospital H2 is generally lower than H1. Over 50 % of the 
measurements of H2, especially in the waiting area and exam room, were below 22 °C, 
which is lower than the temperature suggested by AIA/FGI. The AIA/FGI standard 
(2006) recommends that the air temperature should be maintained at 74 +2 °F (22.2-24.4 
°C) with 30-60 %RH in general waiting areas and exam rooms. For H1, more than 60 % 
of all investigated areas did not meet the local Thai standard for hospital environments 
because of very high air temperatures. According to the Thai local standard for healthcare 
environment, the recommended air temperature in the waiting area of an OPD is 20.0 - 
25.0 °C, at 50 - 70 %RH and 20.0 - 25.0 °C, at 60 %RH for an exam room (MoPH, 2004).  
 Considering the Thai standard, there was an attempt to adjust the criteria that are 
applicable to the hot and humid context by indicating a higher range of humidity. 
However, the lower temperature limit of 20 °C appears to be very low and may not 
correspond to the actual requirement for the thermal comfort of occupants. 
 Regarding the results in patient rooms, the air temperature of both case study 
hospital was almost identical in a range. However, it can be seen from Figure 5-1 that the 
average air temperatures were far above the upper limited as recommended in both Thai 
standard and AIA/FGI. The criteria for thermal conditions in a patient room 
recommended by AIA/FGI is at 75 +2 °F (22.7-25.0 °C) with 50 %RH, while the Thai 
standard put the same recommendation to OPD and other areas at 20.0 - 25.0 °C, 50 - 70 
%RH. More than 85 % and 55 % of all investigated data in patient rooms of H1 and H2 
did not meet the Thai standard because of very high air temperatures, and less than 5 % in 
H1 and 25 % in H2 had passed the AIA/FGI. The reason for a failure to comply with 
AIA/FGI is mainly because of the high temperature and humidity. About half of the 
measurements for humidity in patient rooms of both hospitals were above 50 % RH. The 
maximum humidity reached up more than 70 %RH which is much higher than the 
temperature suggested by AIA/FGI. 
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"  
Figure 5-1. Air temperature in case study hospitals 
"  
Figure 5-2. Relative humidity in case study hospitals 
 To examine their compliance with the thermal comfort criteria recommended by 
ASHRAE 55-2013, the measurements of thermal environments in all of the investigated 
areas were plotted on a psychometric chart. As shown in Figure 5-3, the thermal 
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environment of H2 appeared to be too cold for healthcare occupants wearing ordinary 
summer clothing (0.5 clo). For H1, nearly 40 % of all results, and more than 50% of the 
measurement in OPD waiting area were outside of the summer comfort zone. More 
severe results found in the OPD waiting area of H2.  
"  
Figure 5-3. Thermal environments in Thai hospitals on the comfort chart 
"  
Figure 5-4. Thermal environments in a patient room on the comfort chart 
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 Yet, the comfort conditions seemed worst in a patient room of both case studies. 
Figure 5-4 showed indoor thermal environments in a patient room on the comfort chart of 
ASHRAE55-2013. The results indicated that more than 90 and 70 % of the measuring 
data in the patient rooms of H1 and H2 were outside of the summer comfort zone. The 
main reason for these involves not only high temperatures, but also high and unstable 
humidity. These results indicated the issue concerning temperature setting and humidity 
control in the case study hospitals in a hot-humid region, especially patient rooms. 
 Such thermal environment control problems are normally found in the sickrooms 
of a hospital, especially in hot-humid countries, with inverter air-conditioning systems 
that can only control the stability of the temperature (Sookchaiya et al., 2008). As people 
expect more a stable thermal environment in air-conditioned spaces (Nikolopoulou & 
Steemers, 2003), this finding addresses the issue of temperature setting and humidity 
control in case study hospitals in hot-humid regions. 
 Lighting conditions 
 Regarding to the factor of lighting, as the case study hospital are a large block 
planning type, lighting condition depends purely on electric lights. Although the average 
illuminance was above 400 lux and there is not much fluctuation, the lighting is not well 
distributed cover a large waiting area. Yet, the distribution of lighting is found not stable. 
The actual lighting conditions in a waiting area of OPD was average between 409.5-504.5 
lux., while the conditions at the exam rooms and nurse stations appear to be lower than 
recommendation of both Thai and international standards. The average illuminance are at 
288, and 220 lux for exam rooms and nurse stations. 
 Focusing on a patient room, a lighting condition in a patient room is 
recommended at 100 lx by the Thai standard which is similar to an acceptable 
illuminance by international standards between 50 to 100 lx. About 25 % of investigations 
were in between the recommendation. The average illuminance was between 168 - 171 
lx, and nearly 15 % were brighter than 300 lx. Some fluctuation and unstable distribution 
of lighting were found. The natural lighting was having a role because all of the patient 
rooms are fitted with a large glass window and a single layer adjustable curtain. However, 
a problem concerning the solar heat gains through this opening was reported. 
"75
 Acoustic conditions 
 For the IEQ condition concerning acoustic performance, the acoustic conditions in 
H1 and H3 failed to meet Thailand recommended sound level in hospital which is 
suggested between 45 and 50 dBA. The sound level range between 52.4- 87.5 dBA in the 
waiting areas of OPD, and average around 62.3 dBA. However, the result indicated that 
less than 5% of the actual measurements were in the recommended range of sound. 
Although the average acoustic level in patient rooms was around 53 - 58  dBA, up to 30 
% of data from H1 and 15 % from H2 were louder than 60 dBA.  
 IAQ & ventilations 
 This research also measured Carbon-dioxide (CO2) concentration level as an 
indicator for IAQ & ventilations. The result from investigations shows extremely high 
CO2 level in waiting areas of OPD of H1 case study, which was on average between 
1888-2302 ppm, and reaching 3,100 ppm during peak working hours. This is far exceed 
both local and international standards for a recommended level of CO2 at 1,000 ppm. In 
other areas, the average CO2 levels were 578-861 for the nurse stations, and 1550-1616 
ppm for the exam rooms. These results indicated poor indoor air quality and ventilation. 
Occupants in OPD also complaint about the stale and stuffiness of the air. In addition, 
such undesirably high CO2 level is resulted from a large number of users per day that is 
greater than an originally planned capacity.  
 The result from investigations shows the average CO2 level in a patient room of 
IPD at 847 and 594 ppm for H1 and H2 respectively. Almost 98 % of CO2 level from H2 
were controlled under 1,000 ppm. Whereas, nearly 30 % of the measurements in H1 were 
exceed the local and international acceptable level of CO2 at 1,000 ppm, and occasionally 
reached more than 2,500 ppm during a ward round.  
 Air velocity  
 The recommended air movement in a patient room by the Thai standard is at 0.08 
- 0.12 m/s (15 - 25 fpm). A previous study on the HVAC airside design for the optimum 
thermal comfort and air quality in air-conditioned healthcare facilities also indicated that 
the 0.1 m/s of air velocity is adequate for an occupied patient room (Kameel & Khalil, 
2003). In the case study hospitals, 22 % of investigation were in accordance with the Thai 
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standard, and almost 40 % not higher than 0.2 m/s. However, about 25 % of an average 
air speeds in the investigated patient rooms were greater than 0.2 m/s (40 fpm) which can 
increase the lower and upper operative temperature limit for the comfort zone (ASHRAE 
55, 2013).  
 
 
 The results from a long-term measurement on the actual indoor environmental 
conditions in all measured area of the case-study hospitals were summarised in Table 5-1., 
and the specific data for a patient room environment also revealed in Table 5-2. 
Considering these objective actual performances, the factors of IAQ and ventilation, 
thermal comfort, and acoustic condition should be prioritised as the major important 
factor, and can be identified as contributing factor to IEQ performance in Thai public 
hospital.  However, the IEQ parameters for healthcare facility should not be justified with 
objective data alone, the analysis of this study then combined the results concerning 
users’ sensation and satisfaction.The detailed discussion on the effect of IEQ performance 
on healthcare occupants’ satisfaction will be in Chapter 6.  
Table 5-1. Indoor environmental conditions in the case study hospitals
Thermal comfort Acoustic 
(dBA)
CO2 
concentration  
(ppm)
Lighting 
(lux)
Temperature   
(°C)
Relative Humidity  
(%RH)
OPD waiting 
area 20.5-29.3 43-83 53.0-70.1 361-3375 219-657
Patient room 20.4-31.2 41-88 49.5-58.5 325-2748 0-642
Exam room 19.8-29.6 40-85 n/a 376-3179 0-588
Nurse station 19.9-29.2 52-66 52.4-87.5 578-861 265-509
Table 5-2. IEQ conditions of a patient room in each case study hospitals
Thermal comfort Lighting 
(lux)
Acoustic 
(dBA)
CO2 
concentration  
(ppm)
Air velocity  
(m/s)
Temperature 
(°C)
Relative Humidity 
(%)
H1 Range Average
20.7 - 30.8  
26.5
41 - 88  
61
18 - 657  
168
49.7 - 72.3  
58.0
325 - 2748  
847
0.10 - 0.45  
0.28
H2 Range Average
20.4 - 31.2  
25.6
39 - 84  
64
49 - 663  
171
44.0 - 70.9  
53.1
368 - 3162  
594
0.09 - 0.32  
0.19
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5.2 Evaluation on thermal comfort of healthcare occupants 
 Because the thermal environment affects both physical and psychological health, 
the issue of maintaining comfort in hospital is vital. For assessing the hospital indoor 
environment, it is still doubtful whether the predicted mean vote (PMV) model and 
comfort criteria of the ASHRAE Standard 55 are applicable to healthcare occupants.  
 This section aimed to evaluate and clarify the thermal comfort of different 
healthcare occupants, as well as to validate the applicability of the PMV model and 
determine whether the comfort criteria of current hospital standards by local and 
international are applicable to healthcare facility and hospitals in a hot-humid context. 
The specific requirements for the thermal comfort of different healthcare occupants were 
identified through a local comfort survey in large-scale general hospitals in the urban 
context of Bangkok, which are air-conditioned environments. 
5.2.1 Validation of the PMV model for assessing healthcare occupant comfort  
 To validate and determine the applicability of the PMV model for healthcare 
occupants in a tropical region, especially patients, the analysis was done by comparing 
the calculated PMV results according to comfort criteria of ASHRAE Standard 55 and the 
subjective measurements of actual thermal sensation vote (ASV) derived from the 
occupant survey by a regression analysis between thermal sensation votes (PMV and 
ASV) and the operative temperature. 
 Since the thermal conditions in the H1 hospital were greatly warmer than H2, this 
study firstly evaluated on thermal comfort of each case study separately in order to 
validate the general trend. Despite of the PMV results of patients in H2 hospital that 
showed a colder sensation than ASV in all cases, there was no significant difference in the 
PMV and ASV results of visitors and staffs in each hospital. Regardless of a difference 
between the two hospitals, the analysis of this study then based on the three main group 
of healthcare occupants, namely patients, visitors, and staff. 
 According to the field surveys in two general hospitals in Bangkok, a total of 928 
OPD occupants, including 451 patients, 331 visitors and 146 medical staff were invited to 
participate; along with 89 IPD occupants especially 41 patients and 48 of their family 
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members that occupied a patient room. The environmental conditions around each 
participant were recorded throughout the interview process or at least 20 mins. The basic 
information of respondent and their environmental conditions were summarised in Table 
5-3. 
 A result of the comparison between subjective judgements and the calculated 
PMV data according to ASHARE 55-2013 showed that the PMV model mismatched 
thermal comfort for healthcare occupants in the tropics, particularly for medical staff. 
More details on the findings and discussions about the different between PMV data and 
ASV results was integrated in each following section. 
5.2.1 Different requirement for comfort in healthcare facility 
 Basically, the data of this research was separately analysed based on different 
groups of healthcare occupants, namely out-patients, visitor, and medical staff; in order to 
clarify the thermal sensations and to understand their specific requirements of different 
healthcare occupants. In addition, as there is a significant different between the 
environmental settings of OPD and IPD, the data for IPD occupants, including in-patient 
and their companion, were also analysed separately. 
Table 5-3. Information of respondents for questionnaire survey
Area
N= 
928
Age* Service 
length/ 
Working 
hour*
Temperature Relative 
Air 
Velocity
Relative 
Humidity
Clothing 
Insulation
Metabolic 
Rate 
(years) (day/hr/min) (°C Ta) (m/s) (%) (Clo) (met)
Patient
OPD 
Waiting 
area
451 47.2 2h 22m
min  
avg  
max
20.9 
24.6 
28.5
0.09 
0.15 
0.30
48 
54 
74
0.2 
0.6 
1.0
1.1
Visitor
OPD 
Waiting 
area
331 42.8 2h 17m
min  
avg  
max
20.8 
24.4 
28.5
0.09 
0.15 
0.30
48 
54 
75
0.4 
0.6 
0.9
1.1
Staff
Nurse 
station  
Exam 
room
146 31.1 10h 38m
min  
avg  
max
19.5 
24.8 
27.6
0.07 
0.13 
0.24
48 
55 
68
0.2 
0.7 
1.0
1.3
In-
patient
Patient 
room 41 42
4d 5h 
21m
min  
avg  
max
21.7 
24.9 
27.7
0.03 
0.16 
0.31
50 
62 
77
1.02 
1.20 
1.41
0.8
Comp
anion
Patient 
room 48 47
5d 5h 
21m
min  
avg  
max
21.9 
24.8 
27.7
0.07 
0.16 
0.32
50 
63 
77
0.41 
0.54 
0.82
1.1
*Average data  
** Excluding long stay 
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 Thermal sensation: by distribution of actual sensation votes (ASV) 
 Since patients and staffs are different in their physical and health conditions, 
perform different physical activities and wearing different types of clothing, the different 
thermal requirements between these two distinct groups of healthcare occupants have 
been discussed by a number of researchers. Skoog et al. (2005) conducted summer and 
winter measurements in Swedish hospitals. Their results suggested that, in fact, there was 
not much different in thermal perception between staff and patients in a temperate climate 
zone.  
 A contrast was found in the tropical context: a past study in a Malaysian medical 
centre suggested that the thermal comfort requirements for three main groups of hospital 
users including staff, patients and visitors, were different due to personal factors such as 
activity and clothing. More than 80 % of patients and visitors were dissatisfied with 
night-time conditions that were indicated as comfortable by staff (Azizpour et al., 2012).  
 For a clarification of the different requirements for the thermal comfort of 
healthcare occupants, this study separately analysed the thermal sensation data for three 
groups of occupants. Considering the distribution of actual sensation votes (ASV) 
between patients, visitors, and medical staff (Figures 5-5 and 5-6), the staff revealed 
colder sensations than others (ASV = -1). By contrast, the PMV values for staff, based on 
ASHRAE 55-2013, pointed towards warmer sensations (PMV = 1). In the case of patients 
and visitors, the results produced uniform graphs of distribution. Whereas the ASV values 
concentrated around neutrality (ASV = 0), the PMV values were predicted for more 
equally distributed results. 
 This disparity in thermal sensations results is probably related to the exposure 
time to the hospital environment by each occupant group. Because the hospital is their 
workplace, medical staff, who are long-term users, seem to perceive and are more 
concerned about the indoor environment than temporary users.  
"80
"  
Figure 5-5. Percentage frequency of ASV by each healthcare occupants group 
"  
Figure 5-6. Percentage frequency of PMV by each healthcare occupants group 
 Thermal sensation: by Probit of proportion of thermal sensation vote (TSV) 
 To validate on these results, this study also employed the probit analysis. The 
results from probit proportion of TSV based on each occupant group illustrated in Figures 
5-7 and 5-9 below. The graphs show that different groups of healthcare occupant has 
sensation for thermal environment differently. It can be seen that patient can accept wider 
range of temperature, which may be influenced by their illness as discussed previously. 
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Where opposite, medical staffs have higher expectation for thermal comfort, and their 
neutral comfort zone is narrower than temporary visitor, e.g. patient and visitor. 
"  
Figure 5-7. Probit of proportion of TSV by out-patients 
"  
Figure 5-8. Probit of proportion of TSV by OPD visitor 
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Figure 5-9. Probit of proportion of TSV by medical staff 
 Prediction of comfort temperature: Thermal neutrality 
 Concerning the usability of the PMV model in assessing thermal neutrality for 
healthcare occupants, the findings by Ferraro et al. (2015) from the investigations of 49 
occupants in an Italian hospital showed that PMV and ASV for patients were inconsistent. 
In the tropical context, previous research involving 110 medical staff members in 
Malaysian hospitals (Azizpour et al., 2011) revealed that a neutral temperature based on 
TSV was higher than the PMV prediction (26.6 and 25.0 °C, respectively). 
 To identify the thermal neutrality of different healthcare occupants of the case 
study hospitals, the correlation between PMV and actual comfort votes was determined 
by the operative temperature. It can be seen from the results of the actual thermal 
sensation vote (ASV) against the PMV values in Figure 5-10 that the correlation between 
the PMV and ASV for patient did not reach a significant level while the results for visitor 
showing a slightly stronger relationship. However, based on the regression line for 
medical staff, the neutral sensation (PMV = 0) is shifted to about -0.98 scale points of the 
actual vote (ASV). Although the thermal sensation distribution varied widely, it is 
interesting that ASV declared by patients and visitors is generally higher than the 
calculated PMV for a cold perception (ASV < 0) and lower on a warm side (ASV > 0). 
Moreover, the data set from this study also indicated similar results to those for the 
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Medical Staff
Malaysian occupants (Azizpour et al., 2011), in which the PMV model predicted higher 
values for all medical staff cases. 
"  
Figure 5-10. Correlation between PMV and ASV for each occupant group 
 As the thermal sensitivity for healthcare occupants is varied, a detailed analysis 
for each group of occupants was examined by comparing the linear regression between 
the thermal sensation votes, both the PMV and ASV, with the operative temperature (To). 
Although the results generated relatively low correlation factor (R2 ), it does not mean that 
there is no relationship between them. In the thermal comfort study, regards to building 
type, context, and climate, the correlations also found very low. The analysis may not rely 
on the value of R2 because the nature of research about thermal comfort is normally 
looking at the relationship within the point of time, and the thermal sensation of occupant 
can be fluctuated. Thus, the analysis then focused on an identification of the mean 
neutrality based on their regression. 
 The results show that the observed neutral temperature (ASV = 0) for patients, 
visitors, and staffs are 25.2, 25.1, and 25.5 °C respectively (Figures 5-11, 5-12 and 5-13). 
The neutral temperature based on the PMV calculation was almost identical to the one 
derived from the actual vote, around 25.3 °C for patients and 25.4 °C for visitors. 
However, the neutral temperature from the PMV was 22.4 °C for medical staff, which is 
about 3 °C (ΔT = 3 K) lower than the one derived from the ASV. In addition, those PMV 
estimates degenerated when the data set moved away from the neutral temperature. The 
Out-pa'ent	
y	=	0.5187x	+	0.0035	
R²	=	0.121	
Visitor		
y	=	0.6278x	+	0.0518	
R²	=	0.191	
Medical	Staﬀ	
y	=	1.2372x	-	0.9764	
R²	=	0.149	
-3	
-2	
-1	
0	
1	
2	
3	
-3	 -2	 -1	 0	 1	 2	 3	
Ac
tu
al
	T
he
rm
al
	S
en
sa
0o
n	
Vo
te
	(A
SV
)	
Predicted	Mean	Vote	(PMV)	
Out-pa'ent	
Visitor	
Medical	Staﬀ	
Linear	(Out-pa'ent)	
Linear	(Visitor)	
Linear	(Medical	Staﬀ)	
"84
estimates were colder than the ASV on the cold side and warmer than the ASV on the 
warm side. 
"  
Figure 5-11. Linear regression of thermal sensation vote (TSV) by patient and operative temperature 
"  
Figure 5-12. Linear regression of thermal sensation vote (TSV) by visitor and operative temperature 
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Figure 5-13. Linear regression of thermal sensation vote (TSV) by staff and operative temperature 
 This evidence led to the finding that an overall trend for PMV prediction 
obviously mismatched the thermal sensitivity of all healthcare occupants, especially for 
medical staff. This discrepancy between PMV and ASV outcomes means that, regardless 
of the hospital context, a prediction by the PMV model may not be applicable for 
healthcare occupants. 
 Thermal satisfaction  
 Based on the identification of the thermal sensation and comfort temperature in 
the previous section, different healthcare occupants can still be satisfied with the thermal 
environments even though their sensation was indicated out of their comfort zone as 
defined by the standard. The data for satisfaction of each occupant group was continued 
to be analysed separately. 
 A study of thermal comfort in Iranian hospitals (Khodakarami & Knight, 2007) 
found that patients felt more comfortable than staffs in the same environmental 
conditions. Giuli et al. (2013) reported on the similar finding that patients of a medical 
ward at a hospital in Malaysia declared a higher satisfaction with the indoor 
environmental quality than staff. This research found similar results through a comparison 
of the thermal acceptability of different occupants that was assessed by the three central 
points of the ASHRAE thermal sensation scale, a thermal comfort satisfaction vote and an 
actual vote according to an occupants’ thermal preference survey.  
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Medical Staff
"  
 Figure 5-14. Comparison of thermal acceptability by different assessment methods  
As illustrated in Figure 5-14, patients were highly satisfied with their thermal 
environments, and generally preferred no change more than other healthy occupants. One 
of the reasons suggested by Hansen et al (2008) is that the illness of an individual can 
decrease their ability to remain cognitively aware of their surrounding environment, 
which results in a lack of consideration for the appropriate prevention or physical 
adaptation. A study about humidifier effects on the thermal comfort of patients and staff 
in Japanese hospitals, Hashiguchi et al. (2008), also reported that patient responses on 
thermal environment were affected by their health conditions, especially for elderly 
patients. Therefore, despite a discrepancy in the PMV model, the true effects of thermal 
conditions on patient comfort can be underestimated.  
 Moreover, in the case of a healthcare environment where medical treatment 
activities are given the highest priority, a lower expectation of the thermal environment by 
patients and visitors contributes to wider acceptability for the comfort range. Although 
their thermal sensation votes were outside of the three-middle scales of ASHRAE 55, 
healthcare occupants could find themselves comfortable. However, a colder thermal 
setting was preferred by respondents who desired a thermal comfort adjustment.  
 Interestingly, this result is similar to previous research on thermal comfort 
regarding the adaptability theory which is normally found in a free-running building of a 
tropical context. Thus, it is fair enough to say that the adaptive thermal comfort theory 
can also be applied to the context of air-conditioned space as well, especially for the 
tropical subjects. 
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5.2.2 Thermal comfort for healthcare occupants in a tropical regions 
 As discussed in many previous studies that a requirement for thermal comfort may 
be differ by regional and local context. This section will further examine on an 
assumption that thermal comfort requirements of healthcare occupants in a hot-humid 
context may different from the Western countries.  
 Thermal preference for tropical occupants 
 In a warm climate, it has been widely accepted that people prefer neutral thermal 
conditions for their comfort in an air-conditioned environment (Fanger & Toftum, 2002). 
By contrast, a number of previous studies in a tropical context reported different 
definitions for comfort which were not equal to neutrality as described in ASHRAE 55. 
 Regarding a simulated office environment in Singapore, Willem and Tham (2007) 
reported that people in the tropics revealed their preference for a thermal sensation 
between ‘neutral and slightly cool’. The most comfortable temperature for Singaporeans 
was 23 °C, and the most comfortable condition was found when the TSV was between 
neutral (0) and slightly cold (-1). This finding agrees with Tokuda et al (20016), who 
indicated that cooler thermal conditions corresponded to the more comfortable responses 
of occupants in office buildings in Vietnam. 
"  
Figure 5-15. Probit of percentage of dissatisfaction against each thermal sensation scale. 
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 In the context of the healthcare facilities by this research, occupants’ preferences 
for thermal comfort was also examined to identify the overall comfort trend of healthcare 
occupants in the tropics. The probit model of percentage of dissatisfaction derived from 
actual vote for comfort satisfaction was plotted against each thermal sensation scale. The 
results indicated that medical staffs were highly satisfied at the neutrality, while patient 
and visitor prefer a little warmer than neutral, ASV between 0 and 1 (Figure 5-15). 
Patients seemed to be satisfied with a warmer thermal environment than others. 
Therefore, it is fair to conclude that the neutral temperature from the prediction may not 
be the best condition for thermal comfort in the case of tropical occupants. This research 
noted that the preferred temperature for thermal comfort of healthcare occupants in a 
tropical region was around neutrality for hospital workers, although patients preferred 
warmer temperatures than other occupants.   
 Interestingly, the data derived from two different hospital settings and 
environments clearly indicated a wider acceptable range at the neutral temperature as 
compared to those suggested from the PMV calculation (Figures 5-8, 5-9 and 5-10). This 
means that Thai healthcare occupants may be able to adapt to and accept a wider range of 
thermal conditions. In the next section, this study then analyses on the percentage of 
occupant dissatisfaction and acceptability of temperature that is associated with their 
thermal comfort. 
 Determining acceptable thermal conditions for healthcare occupants 
 Considering air-conditioned environments in other building types, the acceptable 
temperature for occupants found in a control field survey at office buildings in Beijing 
was higher than those recommended for summer by the Chinese standard. Huang et al 
(2012) noted that the observed range of acceptable temperature was from 20.9 to 30.4 °C 
when the upper temperature is limited at 28 °C. In case of a healthcare facility, Hwang et 
al (2007) reported that the result of observed percentage of dissatisfaction in a field 
experiment in a Taiwanese medical centre was notably wider than the PPD obtained from 
the ASHRAE methodology. The temperature range for the comfort zone in Taiwan 
hospitals with an 80 % patient satisfaction was suggested from 21.8 to 26.2 °C for 
summer. In addition, it was found in Iran that the dissatisfaction level of thermal 
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conditions in Iranian hospital based on actual observation was higher than the model 
based on the PPD (Pourshaghaghy & Omidvari, 2012). 
 Regarding a comparison between the predicted percentage of dissatisfied (PPD) 
and the actual percentage of dissatisfied (APD) against the operative temperature (To) at 
20 % dissatisfaction, the operative temperature for the thermal comfort of Thai healthcare 
occupants derived from both data set was almost identical at 22.9 - 27.7, and 22.3-27.5 °C 
respectively. However, the results in previous section demonstrated that the three groups 
of healthcare occupants had a different preference for thermal comfort. Thus, this study 
determined the acceptable temperature range for patient, visitor and staff separately, by 
using a probit analysis.  
"  
Figure 5-16. Probit of percentage of dissatisfaction (PPD) against operative temperature for each occupant 
group (patient, visitor, and medical staff). 
 To suggest an acceptable thermal condition for each occupant group, the probit 
analysis is conducted for the percentage of dissatisfaction (PPD) and operative 
temperatures. Figure 5-16 illustrated the probit model of percentage of dissatisfaction 
derived from subjective voting of “colder than neutral” and “warmer than neutral” were 
plotted against the binned operative temperature. Acceptably at 20 % dissatisfaction, the 
acceptable temperature range for patient, visitor, and medical staff were determined at 
21.8-27.9, 22.0-27.1, and  24.1-25.6 °C respectively. It is obvious that temporary 
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occupants, including patient and visitor, can accept for a wider thermal range than 
medical staff. The upper limit of temperature for patient were up to 2.9 °C (ΔT = 2.9K) 
higher than the Thailand Standard for Environment Sanitation and Safety in Hospital 
(MoPH, 2004) which is recommended at 20.0 - 25.0 °C. To optimally enhance thermal 
comfort of healthcare occupants in Thailand, the standard used for hospital environments 
must be carefully integrated and revised in accordance with these different requirements. 
 Comparison of acceptable thermal range for comfort in a hospital  
 The thermal comfort in Asian hospitals identified from previous research is 
summarised in Table 5-4. Most of research in Malaysian (Yau & Chew, 2009; Azizpour et 
al., 2013a, 2013b) and Taiwanese (Hwang et al., 2007) hospitals agrees that there were a 
variation of neutral temperatures derived from the PMV. Regarding the results in a 
tropical context, this study also found that the ASV indicated warmer neutrality for 
medical staff. However, as discussed previously, the thermal comfort for tropical 
occupants may not depend on theoretical neutrality, as they tend to prefer thermal 
environment that are slightly colder than neutral. Although the neutral temperatures for 
each occupant group were identical in Thai hospitals, healthcare occupants perceived and 
were satisfied with the thermal environment differently. In order to reconcile such 
differences, an acceptable temperature range for all healthcare occupants is 
recommended.  
Table 5-4. Comparison of previous results on acceptable temperature in a hospital
Researchers Location Sample 
sizes
Neutral Temperature (°C) Neutral 
temperature 
shifted  
(ΔT=xK)
80% 
Satisfied 
temperatu
re range  
(°C)
PMV based ASV based
Patient Visitor Staff Patient Visitor Staff
Matsui [37] 1981 japan 103b - - - - - - - 24.0-25.0
Yau & Chew 
[15]
2009 Malaysia 114 - - 26.4 - - 26.4 - 25.3-28.2a
Azizpour et al  
[16]
2013 Malaysia 110 - - 25.0 - - 26.8 1.8 -
Azizpour et al  
[17]
2013 Malaysia 188 - 21.3 - 23.4 2.1 21.2-25.5
Hwang et al 
[8]
2007 Taiwan 491b 25.6 - - 23.4 - - 2.2 21.8-26.2
Present study 2016 Thailand 928 25.3 25.4 22.4 25.2 25.1 25.5 3.1c 21.8-27.9d 
22.0-27.1e 
24.1-25.6f
a Calculated for 90% acceptability, b Summer data only, c Data of medical staff only, d Patient, e Visitor, f Medical Staff.
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 Regarding the results from fieldwork in Japanese hospitals (Matsui, 1981), as 
shown in Table 5-4, Japanese patients expected the narrowest range of comfort, whereas 
Taiwanese patients accepted between 21.8 and 26.2 °C in summer (Hwang et al., 2007). 
Considering the tropical context, although previous research by Yau & Chew (2009) 
indicated a warmer range of temperatures, Azizpour et al. (2013a) suggested a similar 
range to the result for Taiwan from 21.2 to 25.5 °C. This study found that the acceptable 
range for comfort derived from an actual vote is almost the same as values based on the 
PPD prediction. The identified thermal range for patient is in accordance with those 
results for Taiwan (Hwang et al., 2007). However, Thai patients tend to accept a wider 
comfort range than others. On the other hand, comparing to the previous studies in 
Malaysian hospitals (Yau & Chew, 2009; Azizpour et al., 2013a), Thai medical staff 
indicated a narrower and more moderate range of comfort temperature. 
5.3 Thermal comfort in a patient room  
 As discuss in the literature review chapter that optimising thermal comfort in a 
patient  room can be complicated and difficult because its two distinct groups of 
occupant, namely patient and their companion, may have different variations in physical 
and individual needs. In addition to the thermal comfort for healthcare occupants in OPD 
as discussed in the previous section, this study also conducted a comprehensive field 
measurement involving 89 occupants in 53 patient rooms. To suggest for the comfort 
conditions in a patient room, data analysis in this section was based on identifying the 
different comfort levels for in-patients and their companions. 
5.3.1 Thermal sensation of different occupants in a patient room 
 A number of studies have been investigated on the thermal comfort for different 
healthcare occupants. Although there were not much differences found in the 
investigation in Swedish hospitals in summer (Skoog et al, 2005), the field measurements 
in Taiwanese and Japanese hospitals indicated that health conditions of a occupant 
affected a response on thermal sensation and a perceive to the thermal environment 
(Hwang et al., 2007; Hashiguchi et al., 2008). The study on thermal environment in a 
patient room of a Belgian healthcare facility also revealed that the mean PMV of patients 
with neurological treatments was notably different from healthy users (Verheyen et al., 
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2011). Similarly, another study on thermal sensation of Italian patients pointed out that 
the patients’ comfort was around neutrality while the medical staffs’ comfort pointed 
toward warmer sensation (Ferraro et al., 2015).  
"  
Figure 5-17. Percentage frequency of actual sensation vote (ASV) for in-patient and companion 
"  
Figure 5-18. Percentage frequency of predicted mean votes (PMV) for in-patient and companion 
 As the thermal comfort can be different between in-patient and their healthy 
companion, as well as different among patients themselves, because they perceived 
hospital environment differently, this research separately analysed the data of in-patients 
and companions in order to clarify the different thermal sensations of patient room’s 
occupants. The PMV results for in-patients and companions produced uniform graphs of 
distribution (Figure 5-18) whereas the ASV values for the companions in Figure 5-17 
concentrated at slightly colder than neutrality (ASV between -1 and 0). This result means 
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that the companion who is in a good health condition has more sensitivity to the thermal 
environment than in-patients. This disparity in actual thermal sensations results of 
different occupants was probably influenced by the pathology and disability of patients, 
as well as the effect of medicine during the treatments (Ferraro et al., 2015). It can be a 
case that the illness and medical treatments may decrease an ability to remain cognitively 
aware of the surrounding environment of an individual. Therefore, the influence of 
disease and medical treatment must be addressed in the evaluation of thermal comfort in a 
healthcare setting, otherwise the true effects of thermal conditions on a patient comfort 
can be misleading. 
"  
Figure 5-19. Correlation between predicted mean votes (PMV) and actual thermal sensation votes (ASV) 
for in-patient and companion 
 To determine whether the established PMV method is applicable for the occupants 
of a patient room, the subjective ASV results were compared with the calculated PMV 
data. The correlation between PMV and ASV of in-patients and companions was 
illustrated in Figure 5-19. A strong relationship between the PMV and ASV was found for 
in-patients whereas the results for companions did not reach the significant level. 
Although the PMV predictor is showing the strong correlation to actual sensation votes 
for in-patient, the regression plot indicated that the prediction fails to give the accurate 
information. Based on the regression line, a neutral sensation (PMV=0) for patient was 
shifted to 0.30 scale points of the ASV and to -0.36 for the companions. 
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 Regarding an evaluation of thermal comfort for a patient room occupants, there 
was a notable discrepancy between PMV prediction and ASV results, especially for the 
companions. This discrepancy between PMV and ASV poses a problem in deciding the 
appropriate thermal comfort, particularly in term of the temperature, in a healthcare 
building in a tropical region. As the results showed that patients and companions 
perceived the room environment differently, patients generally declared for a neutral 
perception and tended to prefer a slightly warmer thermal environment. Therefore, the 
next section will discuss about the acceptable comfort conditions in a patient room of a 
hot-humid context. 
5.3.2  Acceptable comfort conditions in a patient room of a tropical region   
 Determining the acceptable comfort conditions of a patient room is a difficult 
issue because those venerable patients have different needs for comfortable environment 
from healthy companions. Although the study on thermal environment in Swedish 
hospital pointed out that there was not much difference between patient and staff 
perceptions in summer, the researchers suggested that the calculated optimal operative 
temperature of 22.4 °C did not correspond to the predicted results for both staffs and 
patients (Skoog et al., 2005). The prediction result for patients was 2.6 °C (ΔT = 2.6 K) 
higher than the measured one. In Asian context, previous research in Taiwanese hospitals 
in summer noted that a neutral temperature based on the regression analysis of the PMV 
was 25.6 °C which was 2.2 °C (ΔT = 2.2 K) higher than that obtained from ASV (23.2 
°C). According to the probit analysis, the neutral effective temperature for delicate 
patients was 24.3 in summer which was about 0.3 °C (ΔT = 0.3 K) higher than those in 
healthy conditions (Hwang et al., 2007). 
 To fulfil this research purpose, the acceptable comfort conditions of a patient 
room in a tropical context and the thermal neutrality were determined by the regression 
analysis, and the probit analysis of the predicted percentage of dissatisfied (PPD) and 
operative temperature.  
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"   
Figure 5-20. Linear regression of thermal sensation vote (TSV) by in-patients and operative temperature 
"  
Figure 5-21. Linear regression of thermal sensation vote (TSV) by companions and operative temperature   
 Regarding the result of this research, the regression analysis between thermal 
sensation votes (PMV and ASV) and the operative temperature is shown in Figure 5-20 
and 5-21. The results show that the neutral temperature derived from the regression 
analysis of PMV data for patients and companions was identical at 25.4 °C, which was 
1.0 °C (ΔT = 1 K) higher than that based on the observed ASV for the patients and 1.8 °C 
(ΔT = 1.8 K) lower than the one for the companions. In addition, those PMV estimates for 
the companions degenerated when the data set moved away from the slightly cold 
sensation (between -1 and 0). The PMV estimates were colder than the ASV on the cold 
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side and warmer than the ASV on the warm side. It is also interesting that PMV predicted 
a warmer sensation than the actual vote in all patient cases. Such differentiation between 
PMV prediction and ASV result addressed that, regardless of the hospital context, a 
prediction by the PMV model may not suitable for an in-patient as well as a companion. 
Therefore, the established PMV method is needed an adjustment in order to be applicable 
for healthcare occupants.   
 Considering the regression analysis of ASV data, the difference between the in-
patients and the companions is more obvious. However, occupants in a tropical region 
tend to adapt and accept a wider range of thermal conditions than others and the neutral 
temperature from the prediction may not be the best condition for comfort (Sattayakorn et 
al., 2016). Regarding to a study in Taiwan hospital, the range of temperature for the 
comfort zone by 20 % of dissatisfaction was suggested between 21.8 - 26.2 °C for 
summer (Hwang et al., 2007). This research determined an acceptable comfort conditions 
by an analysis between the predicted percentage of dissatisfied (PPD) based on the PMV 
and ASV with the operative temperature (To). 
"   
Figure 5-22. Comparison of percentage of dissatisfaction from objective (PPD) and subjective data (APD) 
for patient room occupants  
 According to ASHRAE Standard 55, the acceptable thermal environment is 
defined as a thermal environment that more than 80 % of the occupants find it thermally 
acceptable (ASHRAE 55, 2013). Therefore, the acceptable temperature range for thermal 
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comfort of occupants in a patient room was also calculated at 20 % of PPD. Figures 5-22 
shows that the temperature range based on the observed APD, 23.1 - 26.5°C, was 
narrower and the lower range was slightly warmer than that one from the PPD prediction 
which is 22.8 - 28.3 °C. The value of calculated PPD for companions was higher than 
those of in-patients although their direct votes for thermal comfort satisfaction was 
greater than 95 %.  
 The difference of comfort satisfaction between in-patients and companions was 
less than 5 %, however, 88 % of in-patients preferred no change of the indoor 
environment. In addition, in-patients tend to prefer slightly warmer thermal environment 
than their companions who satisfied at lower temperature. 
5.4 Evaluation of thermal comfort for patients 
 Patients with un-well physical and mental conditions may have difference in 
perceptions and requirements for comfort from healthy occupants. Therefore, there is a 
need to understand and clarify different comfort requirements specifically for patient. 
This section, therefore analysed the data based on the difference among patients health 
conditions by comparing the objective measurements according to comfort criteria of the 
established standard and the subjective comfort votes. 
 Focusing on evaluating of thermal comfort for patient, the metabolic rate of in-
patient is generally lower than out-patient and also a healthy companion, as well as 
medical staff. According to the metabolic rates for typical tasks in ASHRAE Standard 55 
(2013), there might be a limited capability of application for patient comfort evaluation, 
especially for those patients who are sleeping or reclining in contact with bedding. 
Unfortunately, the clothing insulation values according to ISO 9920 (2007) do not include 
the bedding system. This study, therefore, estimated thermal insulation of patients’ bed by 
referring to the results from previous research on measuring the total insulation values for 
the bedding systems in subtropics by Lin and Ding (2008), and tested on the PMV 
calculation of with and without the clothing insulation of beddings. A result indicated a 
dramatically lower PMV values in the calculation without bedding. Thus, this study 
highlighted that the total insulation resistance of bedding highly affects thermal comfort 
for a resting patient with a reclining posture. However, the effect of chairs for a patient 
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and visitor was omitted because an increase in clothing insulation (Icl) related to chairs 
compensated for a decrease of Icl effect by the posture. 
5.4.1 Thermal sensation of patients 
 As the evaluation of thermal comfort based on ASHRAE Standard 55 
methodology and ISO7730 is confined to healthy occupants, an assessment for thermal 
comfort of patient may require special considerations. Therefore, this study also focuses 
on the evaluation of thermal comfort specifically for patients, and the relation between 
health conditions and their thermal sensation. The subjective comfort judgements of 
actual thermal sensation vote (ASV) were compared with the calculated PMV data to 
determine whether the established method is applicable for patients with different health 
conditions. 
"  
Figure 5-23. Percentage frequency of PMV by IPD and OPD patients 
"  
Figure 5-24. Percentage frequency of ASV by IPD & OPD patients 
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 The data for in and out patients were analysed separately to clarify their 
differences on thermal sensation through a percentage of frequency for distribution of 
comfort votes. The PMV results for patients produced uniform graphs of distribution 
(Figure 5-23 and 5-24) while the ASV values highly concentrated around the neutrality 
(ASV = 0). The mean thermal sensation votes were -0.31 PMV and -0.16 ASV for out-
patient, and -0.17 PMV and 0.0 ASV for in-patients. PMV predicted the proportion of 
votes in the thermal comfort zone (PMV between -1 to 1) up to 80 % and 100 % for out-
patient and in-patient, respectively. However, the data based on ASV showed that only 60 
% of all patients expressed their sensations within the comfort zone. These results 
indicated that the PMV model tends to mismatch the thermal comfort for patients, 
especially in-patients. 
 To clarify the thermal comfort zone for patients, a probit of proportion of thermal 
sensation vote (TSV) was illustrated in Figure 5-25 and 5-26. By using the results from 
ordinal regression using probit as the link function and the operative temperature as the 
covariate, the plot of the normal cumulative distribution function transformed into the 
probits of proportion of TSV. Regarding these results, it is remarkable that the proportion 
of in-patients who felt neutral was very high after 26°C, while the out-patients tend to 
accept for a wider range of temperatures rather than the in-patients. This probably related 
to their roles in the hospital. Out-patients as a temporary users may have lower 
expectation for comfort.  
 However it might also involve with other influencing factors such as their illness. 
A previous study noted that the disparity in actual thermal sensations was probably 
influenced by the pathology and disability of patients, as well as the effect of medicine 
during the treatments (Ferraro et al., 2015). It can be a case that the illness and medical 
treatments may decrease an ability to remain cognitively aware of the surrounding 
environment of an individual. However, supportive evidence and details on this 
assumption is lacking. Therefore, in the next section, this study clarified an association 
between diseases and health conditions of patient with their thermal sensation. 
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"  
Figure 5-25. Proportion of TSV by in-patients
"  
Figure 5-26. Proportion of TSV by out-patients 
 This finding also indicates that the in-patients with a controllability of a room 
environment differently perceived thermal environment from out-patients. In general, the 
out-patients tended to prefer a warmer neutrality than in-patients, however different 
physical health conditions of patients also influence their thermal sensations differently. 
 Finally, the probit analysis was conducted for the percentage of dissatisfaction 
(PPD) and operative temperatures to determine the thermal neutrality and to suggest for 
an acceptable comfort condition for patients. 
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5.4.2 Thermal neutrality of patients by regression analysis 
 For an accurate evaluation of thermal comfort for patients, this study further 
determines whether the established PMV method is applicable for the patients. The 
subjective ASV results were compared with the calculated PMV data based on two main 
groups of patient, namely in-patients and out-patient. The correlation between PMV and 
ASV of patients was illustrated in Figure 5-27. Although the result is showing a stronger 
relationship between the PMV and ASV for in-patients, the regression plot indicated that 
the prediction fails to give the accurate information especially for in-patients. Based on 
the regression line, a neutral sensation (PMV=0) for in-patient was shifted to 0.14 scale 
points of the ASV. 
"  
Figure 5-27. Correlation between PMV and ASV for patients 
 The study on thermal environment in Swedish hospital suggested that the 
calculated optimal operative temperature of 22.4 °C did not correspond to the predicted 
results for patients (Skoog et al., 2005). The prediction result for patients was 2.6 °C (ΔT 
= 2.6 K) higher than the measured one. In Asian context, previous research in Taiwanese 
hospitals in summer noted that a neutral temperature for patients based on the regression 
analysis of the PMV was 25.6 °C which was 2.2 °C (ΔT = 2.2 K) higher than that 
obtained from ASV (23.2 °C). According to their probit analysis, the neutral effective 
temperature for delicate patients were 24.3 in summer which was about 0.3 °C (ΔT = 0.3 
K) higher than those in healthy conditions (Hwang et al, 2007). 
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"  
Figure 5-28. Linear regression of thermal sensation vote (TSV) by in-patients and operative temperature 
"  
Figure 5-29. Linear regression of thermal sensation vote (TSV) by out-patients and operative temperature 
 Regarding the result from a linear regression analysis, the correlation between 
thermal sensation votes (PMV and ASV) and the operative temperature is shown in 
Figure 5-28 and 5-29. The results reveal that the neutral temperature derived from the 
regression analysis of PMV data for out-patients was almost identical at 25.2 °C, which 
was about 0.8 °C (ΔT = 0.8 K) higher than that based on the observed ASV for the in-
patients. The neutrality for in-patients based on PMV was 24.9 °C which was slightly 
higher than the results from ASV (24.4 °C). 
 In addition, the PMV model predicted a colder sensation for all case of in-patients 
while those PMV estimates for the out-patient were degenerated when the data set moved 
away from the neutrality (ASV = 0). The PMV estimates were colder than the ASV on the 
cold side and warmer than the ASV on the warm side. Such differentiation between PMV 
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prediction and ASV result addressed that, regardless of patient health conditions, a 
prediction by the PMV model may not be suitable for patients. Furthermore, this 
discrepancy between PMV and ASV poses a problem in deciding the appropriate thermal 
comfort, particularly in terms of the temperature, in a healthcare building. Therefore, to 
ensure an applicability of the established PMV model in the thermal comfort evaluation 
for patients, there is a need for some adjustments and special considerations. 
5.4.3 Acceptable comfort conditions for patients by probit analysis 
 Determining the acceptable comfort conditions for patients is a difficult issue 
because those venerable patients have different needs for thermal comfort. Regarding the 
study in Taiwan hospital, a range for patients’ comfort was suggested between 21.8 - 26.2 
°C for summer (Hwang et al, 2007).  This study determined the acceptable temperature 
range for IPD and OPD patients separately, by using a probit analysis. The percentage of 
dissatisfaction based on the subjective ASV data were binned to into 0.5 °C interval and 
the results for “colder than neutral” and “warmer than neutral” were calculated for each 
bin.  
"  
Figure 5-30. Comparison of percentage of dissatisfaction from objective (PPD) and subjective data (APD) 
for patients 
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 Figure 5-30 illustrated the probit model of percentage of dissatisfaction derived 
from subjective voting of “colder than neutral” and “warmer than neutral”, plotted against 
the binned operative temperature. The results indicated that the neutral temperatures for 
out-patients are 24.8 °C and 23.5 °C respectively. The neutral temperatures derived from 
the probit analysis were colder than the results from the regression analysis, especially for 
in-patient which revealed up to 0.9 °C different (ΔT = 0.9 K). However, both evaluation 
methods reflected that same trend between the two groups of patients that the out-patients 
found their neutrality at slightly warmer temperature than in-patients, about 1.3 °C 
different (ΔT = 1.3 K). 
 Focusing the acceptable comfort conditions for patients, according to ASHRAE 
Standard 55 (2013), the acceptable thermal environment is defined as a thermal 
environment that more than 80 % of the occupants find it thermally acceptable. 
Therefore, the acceptable temperature range for thermal comfort of patients was 
calculated at 20 % of PPD. Regarding the probit analysis, the acceptable temperatures for 
in-patient, and out-patient were determined at 22.5 - 26.2 °C, and 21.8 - 27.9 respectively. 
It is obvious that the out-patient, as temporary occupants, can accept for a wider thermal 
range than in-patients. 
5.4.4 Thermal satisfactions and preferences of patients  
 As mentioned in a previous study in a hot-humid context, the neutral temperature 
from the prediction may not be the best condition for patients’ comfort (Sattayakorn at al., 
2016). Although the finding from this study, so far, lead to different thermal requirements 
among patients, we found that Thai patient also tended to adapt and accept a wider range 
of thermal conditions. The results indicated that the direct votes for thermal comfort 
satisfaction were greater than 90 % for all patients and the difference of comfort 
satisfaction among OPD and IPD patients was about 5 %. The satisfaction rate of in-
patient is higher than those of out-patient. However, about 88 % IPD of in-patients and 84 
% of out-patients preferred no change of their indoor thermal environment. Presumably, 
this satisfaction results also involved with a controllability over their room environment. 
The higher rate of satisfaction found in a patient room where enable some environmental 
adjustments to meet individual needs 
"105
 However, regarding the results from occupant satisfaction surveys based on 
occupant subjective votes, only about 68 % of in-patients felt better than neutral which 
was slightly higher than the overall environmental satisfaction of out-patients at 60%. As 
discussed previously, such neutrality of patient might be influenced by their health 
conditions and medical treatments. The reason may also involve with their attitudes that is 
given a medical treatment activities the highest priority. This research also found that, 
with a lower expectation, out-patients could easily accept thermal environmental 
conditions even though their sensation votes were outside of the comfort condition 
according to the ASHARE three-middle scales. However, it could a case that they may 
not found themselves in the best of comfort state. Thus, this study suggests a careful 
consideration when determining thermal comfort for patients. 
5.4.5 Factors influencing thermal comfort for patients 
 In addition to the thermal comfort parameters based on Fanger’s theory, thermal 
sensation is also related to other personal effects of individual, such as gender, age and 
health effects (Hwang et al., 2007), as well as the time constraint. Their effects to thermal 
comfort of healthcare occupants, especially for patient, need to be sufficiently clarified. 
Thus, this research is filling this gap of knowledge by focusing on an evaluation of 
thermal comfort for patient in relation to their physical and psychological health status. 
 Physical health effects  
 Only a few numbers of research showed that the physical strength highly affected 
on thermal sensation. A previous study in Taiwanese hospital revealed that the mean 
thermal sensation of patients in a weak condition was closer to a neutrality while the 
healthy populations pointed out for warmer sensation (Hwang et al., 2007). Another 
research with Belgian patients also revealed that there was a strong correlation between 
PMV and patients’ health status. The mean PMV for different patient groups was between 
-0.32 and -0.76 (Verheyen et al., 2011). Nevertheless, these research were based on a self-
described health status without any detail on patient’s disease. To deeply understand the 
thermal sensitivity of patient, this research find out whether there is any relationship 
between patients’ health conditions and their thermal sensation. 
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 These research results illustrated in Figure 5-31 that the mean ASV of each health 
condition group has no significant difference and normally indicated slightly colder than 
neutrality (ASV between -1 and 0). However, general medicine patients, including those 
with cancer, blood and circulation, reproductive system, and respiratory, as well as 
maternity reported their mean sensation at slightly warmer than neutrality (ASV between 
0 and 1). When comparing to the calculation results based on the PMV model, the mean 
values of PMV and ASV are nearly homogeneous (mean difference <0.5). A larger 
discrepancy only found for patients who has a problem with blood and circulation, and 
reproductive system (mean difference >0.5). These results indicated that the physical 
health conditions have influenced on thermal sensation of patient based on the general 
trend of ASV values and vice versa. 
"  
 Figure 5-31. Mean PMV and ASV values of each patient group 
 Furthermore, the results from linear regression analysis between thermal sensation 
votes (PMV and ASV) and the operative temperature for each group of patient conditions 
indicated that the physical health conditions has remarkably influenced on thermal 
sensation of patient. Although the values were widely various, their relationships can be 
categorised in 3 groups based on the general trend of ASV values, including: a) always 
feel warmer than the PMV; b) almost identical to the PMV; c) feel warmer in a cold 
environment, and feel colder in a warm environment. 
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 a) Always feel warmer than the PMV: Patients with a disease concerning blood & 
circulation, reproductive system, and respiratory always declared for warmer sensation 
than PMV. In addition, this finding also found for maternity patient.  
 b) Almost identical to the PMV: This group of patients expressed their actual vote 
that is almost the same with PMV value.  Health conditions of patient in this group are 
brain & nervous system, eye/ear/nose/throat, and infectious Diseases. 
 c) Feel warmer in a cold environment, and feel colder in a warm environment: 
The results illustrated that this group of patients always feel nearer to the neutrality than 
the PMV prediction. These groups of patient are having a problem with cancer, digestive 
system, endocrine system, heart & vascular disorders, musculoskeletal, nephrology, and 
others. Moreover, the patients with allergy & immunology pointed out a biggest 
difference from the PMV. 
 Thus, this study highlighted on the significant relationship between physical 
health conditions and disease with the thermal sensation of patient. This research finding 
lead to a suggestion that Thermal comfort of a patient constitutes of a combined effect 
between thermal environment and individual parameters. Therefore, the factor of physical 
health conditions must be addressed in the evaluation of thermal comfort for a patient, 
otherwise the true effects of thermal conditions on a patient comfort can be misleading. 
 Psychological health effects 
 Thermal comfort is involved with stress level in healthcare occupants (Azizpour et 
al, 2013a). The thermal sensation votes have a strong correlation to depression, anxiety 
and stress scores of the medical staffs. For temporary occupants, including patients and 
visitors, there is no significant relationship between TSV and the score of depression and 
stress. However, a level of anxiety has notably correlated with their thermal sensation 
votes. 
 Time effects  
 Similarly, the factor concerning length of waiting and length of work cannot be 
overlooked as they mean a direct exposure time to the hospital environment. This study 
also noted that the medical staffs with longer working time assessed their clinical space 
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on the colder side. Despite of their cold sensation, longer shifted staffs adapted to and 
more satisfied with their work environment. On the other hand, thermal sensation vote of 
temporary occupants showed a strong relationship with the length of waiting. Especially 
within the first hour of waiting, visitors assessed the OPD environment on the warmer 
side. Their thermal satisfaction has declined for the longer waiting time. 
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Chapter 6. IEQ for comfort and health, and its healing potential 
As many previous studies indicated that overall IEQ performance of a building has 
profound influence on health and comfort of the building occupants (Nimlyat & Kandar, 
2015, Mourshed & Zhao, 2012, Frontczak et al., 2012), the concern about IEQ parameters 
would considered the users’ acceptability of overall IEQ performance. Regarding the 
roles of IEQ on comfort and health, this research combined objective IEQ measurements 
and the perceived satisfaction to identify the IEQ parameters that associate and contribute 
to occupants’ comfort and health in a tropical region, by using Thai hospital as a case 
study. The results and findings for this particular topic in relation to occupants’s 
perception and satisfaction, as well as healing potential will be discussed in this chapter. 
6.1 IEQ parameters that affect healthcare occupants’ comfort and satisfaction 
 As discussed previously in Chapter 4 and Chapter 5 that the roles of each IEQ 
parameter for healthcare facility should not be justified with objective data alone, the 
significance of each parameters may vary by different occupant groups. The variance in 
an affiliation to the hospital environment and nature of use may lead to a different 
perception and requirements for environmental comfort.  
 Thus, there is a need to carefully determine the importance of each IEQ parameter 
to different hospital occupants. This study clarifies on occupants’ perception and 
satisfaction on major IEQ parameters in their room environments. Subjective survey of 
hospital IEQ will help to indicate how the occupants perceived and satisfy with their 
indoor environment. The effect of thermal environment and other IEQ parameters on 
occupant’s perception and satisfaction were examined through the correlation and 
regression analysis between indoor environmental comfort and five major IEQ 
parameters.   
6.1.1 Occupants perception and satisfaction on IEQ 
 Occupants perception and satisfaction on IEQ in OPD 
 The study analysed on subjective assessment of occupant perception and 
satisfaction on IEQ parameters in the waiting and clinical areas of OPD, as well as the 
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patient room. The results, summarised as in Figure 6-1, indicated that patients feel 
slightly uncomfortable with the air temperature, however 57 % accept that current 
conditions. While 55.1 % staff responses that the temperature often too cold, 81.3% 
complaint that temperature is out of their comfort range. Most of occupants declared 
neutral perception for humidity and lighting, and there is not much different between 
users. However, some staffs mentioned about the glare lighting and too dark at some 
points on working stations. For acoustic conditions, more than 48.9 % of staffs, 27.9 and 
25 % of patients and visitors complaint for noisy environments. Staff also has more 
sensitivity to IAQ than temporary users, patients and visitors. 36.5 % of staffs pointed out 
the issue of stale, stuffy, and need more fresh air. 
 
Figure 6-1. Environmental comfort satisfaction of OPD 
 Results from occupant satisfaction surveys on IEQ in OPD areas reviews that 26.9 
% of staffs unsatisfied with the hospital IEQ, and reported 3.10 satisfaction level of IEQ 
in hospitals than with is significantly lower than patients and visitors. Patients gave the 
overall satisfaction of IEQ at 3.60. In addition, the satisfaction level of overall indoor 
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environment associated with different physical environmental factors which identified by 
occupants.  
 The significance of each contributing factor varied by roles of occupants. 
According to correlation analysis, the overall environment satisfaction for patient and 
their accompany is significantly related to the factors of indoor air quality, humidity and 
acoustic environment respectively. Similarly, indoor air quality, temperature, and acoustic 
environment are the key environment factors regarding staffs’ comfort.  
 In fact, the comfort level of occupants constitutes not only an improvement of 
indoor environmental quality, but also a health problem. According to the interpretation of 
thermal comfort by ISO/FDIS 7730, the comfort level of occupants depends on their 
activities and clothing. Thus, it is notable that different affiliation of hospital users require 
different criteria for comfort and satisfaction.  
 Occupants perception and satisfaction on IEQ in a patient room 
 
Figure 6-2. Environmental comfort satisfaction of a patient room environment 
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 The results from occupant satisfaction surveys on a patient room’s environment by 
showing the percentage of satisfaction based on occupant subjective votes was illustrated 
in Figure 6-2. The results show that more than 68 % of in-patients felt better than neutral 
which was slightly higher than the overall environmental satisfaction of the companions. 
Focusing on the sensations of each environmental parameters, more than 50 % in-patients 
perceived the indoor air temperature, humidity, illuminance and acoustic conditions as 
neutral. About 31 % of in-patient reported on un-fresh and stuffy air quality. Whereas, the 
companion indicated uncomfortable condition concerning overall environment, the 
acoustic condition in particular.  
 However, the neutrality of in-patient might be influenced by their health 
conditions and medical treatments as discussed previously. Moreover, this may involve 
their attitudes that is given a medical treatment activities the highest priority, therefore, 
in-patients could accept the environmental conditions with a lower expectation even 
though their sensation votes were outside of the three-middle scales. But in-patients may 
not found themselves in the best of comfort state. 
6.1.2 Possible indicators for healthcare occupant’ comfort 
 Apart from the tangible factor of thermal comfort based on Fanger’s theory, the 
thermal sensation is also related to the feeling of people, a sensory experience, and a 
psychological phenomenon (Parsons, 2002). It is an integration of parameters that 
determine the comfort of human body, not an environmental component alone. Although 
thermal comfort parameter can be one of the good indicators for the comfort requirement, 
it can be false or underestimate for patients who are in a frail condition. Yet, thermal 
sensation itself is related to other personal effects of individual, such as gender, age and 
health effects (Hwang et al., 2007). There are many confounders of comfort in patient that 
need to be sufficiently addressed and clarified. This section will be discussed on other 
possible indicators for patients’ comfort beyond the thermal comfort parameter through a 
correlation analysis between overall environmental comfort and IEQ parameters.  
 Regarding the questionnaire survey about users’ expectation and importance of 
each IEQ factor, both patients and staffs had set the highest priority for temperature, 
"113
acoustic environment and air quality. Most of users reviews that their level of comfort can 
be improve if they can adjust the air temperature to meet their criteria. 
 Correlations between environmental satisfaction and IEQ parameters 
 At this stage, it is clear that different parameters of IEQ have contributed to 
occupants comfort and satisfaction differently. Satisfaction level of overall indoor 
environment significantly associated with different physical environmental factors which 
identified by hospital occupants. As revealed in Table 6-1, the significance of each 
contributing IEQ parameter varied by different affiliation of hospital users, nature of use, 
and varying need for comfort. For patients and visitors, their overall environment 
satisfaction are significantly related to indoor air quality, humidity and acoustic 
environment. Similarly, air quality, temperature, and acoustic are the key factors for 
staffs. 
 In the context of a patient room, this research continued to examine on the effect 
of thermal environment and other IEQ parameters on occupant’s satisfaction by running a 
Pearson correlation analysis between indoor environmental comfort and five major IEQ 
Table 6-1. Correlation of environmental satisfaction and IEQ parameters for OPD
Environmental 
Satisfaction
Temperature Humidity Illuminance Acoustic Air Quality
Patient  Pearson  Correlation  Mean
 
3.69
.112 
3.83
.284** 
3.88
-.250  
4.55
.136 
3.67
.308** 
4.55
Visitor Pearson  
Correlation  Mean
 
3.61
.051 
3.70
.179 
3.77
-.750  
4.69
.213 
3.60
.472** 
4.47
Staff Pearson  Correlation  Mean
 
3.13
.375** 
3.93
-.790  
4.12
.088 
4.83
.300** 
3.21
.478** 
3.91
**. Correlation is significant at the 0.01 level (2-tailed)  
*. Correlation is significant at the 0.05 level (2-tailed)
Table 6-2. Correlation of cenvironmental satisfaction and IEQ parameters for IPD
Environmental 
Satisfaction
Thermal comfort Illuminance Acoustic Indoor Air 
Quality
Temperature Humidity
In-patient
Pearson 
Correlation   
Sig.
.037 
 
.410
-.040 
.403
.074 
.323
.223 
.081
.458** 
.001
Companion
Pearson 
Correlation   
Sig.
-.166  
 
.129
-.018  
 
.451
.337** 
 
.010
.414** 
 
.002
.149 
 
.156
**. Correlation is significant at the 0.01 level (2-tailed).
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parameters. Figure 6-3 and 6-4 show the correlation between environmental satisfaction 
and each IEQ parameter according to the self-assessed by in-patient and companion. The 
results in Table 6-2 indicated that, beyond thermal comfort parameter, indoor air quality is 
significantly related to the overall satisfaction of indoor environmental comfort for in-
patient (p < 0.01), while acoustic and lighting plays more important role for the 
companions.  
 
 Figure 6-3. Correlation of environmental satisfaction and IEQ parameters by in-patient  
 
Figure 6-4. Correlation of environmental satisfaction and IEQ parameters by companion 
 Focusing on the environmental parameter that has a significant correlation, a 
regression analysis was performed through SPSS software. The results as in Table 6-3 and 
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In-patient (IPD)
Companions (IPD)
6-4 revealed that the coefficient for IAQ parameter was statically significant (p < 0.01). 
For every unit increase in IAQ perception, about 0.32 unit of overall environment 
satisfaction for in-patient can be expected to be increased. According to the regression 
analysis of illuminance and acoustic parameters in relation to the environmental 
satisfaction of the companions, the coefficient for acoustic conditions was significant at p 
< 0.05 while the factor of illuminance was not reach a significant level. The overall 
comfort satisfaction of the companions can be expected to increase by 0.22 unit for every 
unit increase in an acoustic perception.  
 Therefore, beyond the thermal comfort parameter, the results of this research 
suggest that there was a combined effect of thermal environment and other IEQ 
conditions that constitute the comfort of occupants in a patient room. The occupants’ 
perception of IAQ is one of the important indicators for environmental comfort 
satisfaction of in-patients, and acoustic environment is another key for the companions’ 
comfort. 
 At this stage, it is fair to conclude that IEQ parameters, including thermal comfort, 
involved a sensation and a perceive for comfort, as well as the overall satisfaction to the 
hospital environment. However, healthcare occupant comfort is more complex especially 
for those who are not in a good mental and physical conditions. Furthermore, as reviewed 
in the Chapter 2, the IEQ parameter affects also a healing process of healthcare 
Table 6-3. Coefficients by regression analysis for in-patients
Unstandardised Coefficients Standardised 
Coefficients 
Beta t Sig.Model B Std. Error
1 (Constant) 3.909 0.119 32.888 0.000
IAQ 0.321 0.100 0.458 3.215 0.003
a. Dependent Variable: Environmental Satisfaction
Table 6-4. Coefficients by regression analysis for companion
Unstandardised Coefficients Standardised 
Coefficients 
Beta t Sig.Model B Std. Error
1 (Constant) 3.791 0.118 32.248 0.000
Illuminance 0.203 0.113 0.244 1.798 0.079
Acoustic 0.223 0.87 0.350 2.574 0.013
a. Dependent Variable: Environmental Satisfaction
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occupants. Considering the indoor air quality, the research finding indicated IAQ 
parameters as the most important factors not only for the comfort of OPD occupants, but 
also in-patients. In these public hospital cases, the higher CO2 concentration represent 
that occupants are experiencing in poor ventilated and stuffy space. It was more likely 
that such stuffy feeling mentally effects the perception on human comfort, as well as 
psychologically influences on thermal sensation. 
 In the next section, this study then was drawn up attention to the complex 
relationship between IEQ parameters and healing potential by examining the actual effect 
of IEQ on occupant mental conditions and vice versa, particularly in an overcrowded 
hospital of a hot-humid context. 
6.2  IEQ and healing environment 
 Since hospital indoor environments affect not only comfort and health but also 
occupants’ well-being, a creation of healing environment in hospital cannot be 
overlooked. Besides, as discussed in Chapter 5, the actual situations in hospital case study 
reveal many issues concerning IEQ factors which are resulted from overcrowding. Such 
indoor environment conditions could affect mental state of patients and other 
vulnerability to some extent.  
 Thus, this section aims to provide a quantified evidence by determining an 
association between IEQ, comfort and mental conditions as a key for healing 
environment. The analysis for this particular sub-topic involved subjective occupant 
surveys on IEQ satisfaction and comfort, along with their mental conditions through the 
DASS21 scoring. The DASS21 scoring was used to examine the psychological status of 
healthcare occupants, including depression, anxiety and stress of occupants. The occupant 
satisfaction and mental status were then analysed against the objective results of actual 
IEQ measurement in case study hospitals.  
6.2.1 Mental state of hospital occupants 
 Mental status as a key for healing environment 
 There are a number of studies stated the psychological effects resulted from 
hospital environment. The physical environment of healthcare facility can be 
"117
unsupportive and may become stressor (Ulrich, 1991; Andrade and Devlin, 2015). Watts 
et. al. (2016) provided an evidence that interior design and soundscape has only small 
effects on anxiety score. However, there is very limited of evidence on actual relationship 
to other IEQ factors.  
 Based on this study, there were 451 local hospital users who participated in both 
occupant satisfaction surveys and the DASS21 scoring. The results of the mental states 
based on DASS21 scoring are shown in Table 6-5 reports 22.2% of occupants with 
depression, 39.7% of anxiety, and 19.1% of stress. The level of anxiety among each group 
of healthcare occupants are significantly high. Staffs and patients experience higher level 
of anxiety than other users. 
6.2.2 Healing potential of IEQ in healthcare facility 
 This study measure four majors IEQ parameters, including lighting, indoor air 
quality and ventilations, thermal comfort, and acoustic performance. In addition, to 
clearly understand about the healing potential of the physical environment, IEQ in 
particular, the analysis is based on identifying associations between those major IEQ 
parameters, occupants’ comfort and their psychological conditions.  
 Mental state of occupant and IEQ factors 
 According to Table 6-6, there is a significant correlation between temperature and 
a level of anxiety and stress of hospital occupants, especially for patients and visitors. 
Also, the factor of lighting and illuminance was involving the stress level of occupants. 
However, these relationships also depended on an exposure time to indoor environment 
(Figure 6-5 to 6-8). As temporary users, when patients and visitors spend longer time in 
Table 6-5. Status of depression, anxiety and stress among hospital occupants
Depression Anxiety Stress
no yes no yes no yes
Total (n=451) 351 
(77.8%)
100 
(22.2%)
272 
(60.3%)
179 
(39.7%)
365 
(80.9%)
86 
(19.1%)
Patients (n=173) 138 
(79.8%)
35  
(20.2%)
103 
(59.5%)
70  
(40.5%)
136 
(78.6%)
37 
(21.4%)
Visitor  (n=140) 117 
(83.6%)
23  
(16.4%)
92  
(65.7%)
48  
(34.3%)
121 
(86.4%)
19 
(13.6%)
Staff (n=137) 95 
(69.3%)
42  
(30.7%)
76  
(55.5%)
61  
(44.5%)
107 
(78.1%)
30 
(21.9%)
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hospital environment at higher temperature, they tend to experience higher level of stress 
and anxiety (Figure 6-5 and 6-6). In case of staffs where hospital is their workplace, and 
in-patients who spend time overnight in a patient room, the architectural design factors 
show more significant effects on their psychological conditions than IEQ and time 
exposure. 
 
Figure 6-5. Correlation between exposure time and DASS21 scoring of out-patients 
Table 6-6. Correlation between DASS scoring and IEQ performance
Thermal comfort CO2 
concentration
Lighting Acoustic
Depression Pearson Correlation  
Sig. (1-taied)
.079* 
.047
-.008  
.432
.050 
.159
-.034  
.278
Anxiety Pearson Correlation  
Sig. (1-taied)
.156** 
.000
.046 
.167
.111* 
.013
.006 
.456
Stress Pearson Correlation  
Sig. (1-taied)
.171** 
.000
.048 
.156
.153** 
.001
-.020  
.365
**.Correlation is significant at the 0.01 level (1-tailed)  
*.Correlation is significant at the 0.05 level (1-tailed)
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Out-patient (OPD)
 Figure 6-6. Correlation between exposure time and DASS21 scoring of OPD visitors 
 
Figure 6-7. Correlation between exposure time and DASS21 scoring of medical staff 
 
Figure 6-8. Correlation between exposure time and DASS21 scoring of OPD in-patient 
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Medical Staff
Visitor (OPD)
In-patient (IPD)
Figure 6-9. Correlation between exposure time and mental status of temporary users 
 
Figure 6-10. Correlation between exposure time and mental status of long-term users 
 The results on the regression analysis between exposure time and metal states of 
occupants indicated by the total DASS scoring (Figure 6-9 and 6-10) clearly emphasis 
that mental states of short-term occupants (out-patients and visitors) has strongly 
correlated with their exposure time to hospital’s indoor environment. In contrast, the 
factor of time has no significant relationship for IPD users and medical staffs. This may 
be because the long-term users seem to be capable for psychological and physical 
adaptation in order to retain their comfort. 
 Mental state and occupant satisfaction on overall environment 
 In this section, the present study further analysed to gain more comprehensive 
understanding and to provide an evidence on the influence of psychological conditions of 
healthcare occupants on their perception and satisfaction on environmental comfort. The 
findings according to the regression analysis between subjective results on overall 
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environmental satisfaction and the mental states of each occupant group identified by 
total DASS scoring were summarised in Figure 6-11 and 6-12. 
 
Figure 6-11. Correlation between mental status and environmental satisfaction of short-term users 
 
Figure 6-12 Correlation between mental status and environmental satisfaction long-term users 
 The finding indicated that except for out-patient at OPD clinics, healthcare 
occupants with higher DASS scoring declared for lower satisfaction to the overall 
environment conditions. Although the more significant results found among in-patients 
were shown in the graph, the  number of in-patient cases for this present study were very 
limited. However, this study validated the results by separately analysed the data 
according to each case study, and found that the finding came out into the same trend. 
Thus, it is fair enough to conclude at this point that the mental conditions of healthcare 
occupant are having a role to play in their perception and satisfaction to the environment 
or vice versa.  
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Medical Staff
 Mental state and occupant thermal comfort  
 For deeper understanding on the influence of thermal comfort, this research also 
analysed on the relationship between a distribution of DASS scoring and thermal 
sensation votes (TSV). The results in Figure 6-13 indicated that thermal neutrality as 
defined by three middle scale of sensations based on ASHRAE does not reflect a normal 
condition of mental status, especially for patients. On the other hands, healthcare visitors 
who are considerably healthy, declares higher level of depress, anxiety and stress when a 
set of room temperature is outside their comfort range. 
 The result of this research shows the positive correlation between room 
temperature and level of stress in patients, as well as stress and anxiety in visitors. 
Although the results of R-square value did not reach significance in association, there are 
a tendency for an increase in stress and anxiety score in higher room temperature. 
According to previous research on thermal comfort in hospital, the comfort temperature 
range for occupants in hot-humid region was higher than international criteria. In case of 
Thai, occupants generally accepted a wider and higher range of temperature (Hasebe et. 
al., 2016). To support healing potential through IEQ, the research suggests that thermal 
environment condition in hospital area should be carefully determined in a holistic way, 
by considering criteria of thermal comfort and its effect on mental status.  
 Based on the correlation between temperature and a distribution of stress score 
(Figure 6-14 and 6-15), thermal comfort condition could become a stressor to patients and 
visitors when room temperature is higher than 28.6 °C. Likewise, room temperature 
above 25.2°C may foster a risk of developing anxiety in healthcare visitors. Intriguingly, 
Wang et.al. (2014) revealed similar result regarding impacts of temperature on mental 
illness of individuals. A number of ER visits for specific mental and behavioural diseases 
increased after exposure to hot temperatures, and a strong association found at 28°C of 
mean daily temperature. While Hansen et. al. (2008) highlighted a significant increase in 
risk at 26.7°C of ambient temperature for hospital admission related to psychological 
disorders. 
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Figure 6-13. Distributions of depression, anxiety and stress in relation to thermal sensation vote (TSV) 
 
Figure 6-14. Relationship between temperature and distributions of patients’ stress score 
 
Figure 6-15. Relationship between temperature and distributions of visitors’ stress score 
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 On top of this, this research also highlighted on a reflection of international 
standards and guidelines in relation to healing dimension. Regarding a finding on the 
relationship of DASS scoring and thermal sensation votes (TSV), the neutral comfort 
identified by ASHRAE is not reflect a lower level of mental status. Yet, the indoor 
environment of hospital is often found unhealthy even the standards or guidelines are met, 
and those standards and guidelines normally focus on creating neutral conditions 
(Bluyssen, 2010). This research, therefore, raise a question that does the “neutral thermal 
conditions” defined by international standard equal to the “healing and supportive 
conditions”? 
 Nonetheless, the identification of relationships between occupants’ mental status 
and objective parameters of IEQ is difficult to determine. The smaller effects noted on a 
level of depression and anxiety in patients and staffs, which may be a result of difficulty 
in measuring IEQ effects as mental conditions of occupants are influenced by a complex 
factor. Many previous studies acknowledged that the satisfaction and health of building 
occupants in relation to IEQ were not resulted by one single parameter, yet the interaction 
between each parameter might be too complex or intervening variables were dominating 
(Bluyssen, 2010). The intervening variables such as gender, age, social status, and 
personal psychological conditions are involved as internal stressors. 
 Considerately, these mental states of occupants were not restricted only to the 
immediate environment of hospital room and other factors behind might not be fully 
understood. However, such environmental stressors could cause the imbalance of human 
system that make individuals more vulnerable to environmental stressors; and could 
potentially cause psychological changes (Bluyssen et. al., 2011). Regarding the quantified 
evidences provided by this research, the interrelationship between different IEQ factors 
an occupants’ mental status has confirmed that IEQ parameters, thermal comfort in 
particular, can be described as one of external stressors, especially for patients. Besides 
these IEQ factors, architectural features are also playing an important role in relation to 
mental state of healthcare staffs. 
 In addition, the study also gave an assumption that such influences of IEQ 
parameter may also related to time spending of each occupants in each area. Thus, more 
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details on the factor of time exposure and other variables that affect a comfort of 
healthcare occupants will be comprehensively discussed in the section 6.3. 
6.3 Other variables for healthcare occupant’ comfort and healing 
 According to the predicted thermal comfort for healthcare occupants in Chapter 5 
that, the study found the significant difference between predicted comfort and the 
subjective actual comfort declared by occupants. The biggest difference found for in-
patients and staffs which may cause by time of exposure and other psychological factors. 
And also the discussion in the previous section of 6.2.2 that the mental states of occupant 
could be influenced according to the time exposure to the environment. Therefore, this 
section will further examine on the factor of time and other variables that may also have 
influences on the comfort and healing of healthcare occupants.  
6.3.1 Exposure time to hospital environments 
Figure 6-16. Relationship between time exposure and TSV 
"126
 The matter of exposure time to the hospital environment was also discussed in 
previous research. Since people can seek for the way to survive in the environment and to 
restore their comfort, it is also common for healthcare occupants to adapt themselves for 
their best comfort conditions. The adaptation involves physical, physiological and 
psychological parameters. (Kinolopoulou et.al., 1999; Hooi Chyee Toe and Kubota, 
2013). These may be a results of psychological impact on each individual and also time of 
exposure, which involves an issue of a heat storage. 
 As noted in ASHRAE standard 55 (2013) that people might not immediately find 
the conditions comfortable if they were in different environmental conditions just prior to 
entering the space. The standard addressed on the effect of previous exposure and activity. 
This study provided an evidence based on the factor of time exposure as illustrated in 
Figure 6-12. The results showed that for PMV and TSV data formed similar trend lines 
against time exposure. However, the PMV data failed to provide an accurate information 
for in-patients. For long-term users including in-patient and medical staffs, the longer 
they spend time in the hospital room environment, the colder they felt. Where opposite, in 
the chaotic and overcrowded OPD clinics, out-patients and visitors, as temporary users, 
declared towards a warmer sensation as a longer they exposed to the room environment. 
These results meant that the environment of OPD in the case study hospital obviously has 
a problem with the thermal control. 
 Figure 6-17 shows the relationship between time exposure to overall 
environmental satisfaction by each healthcare occupant group. The results emphasised on 
that the influence of time exposure on environmental satisfaction can be simply divided 
into two groups, including short-term and long-term occupants. While long-term users 
including in-patient and medical staffs had more time to rehabilitate themselves to a state 
of satisfaction to their environmental conditions, patients and visitors of OPD found less 
satisfied as they longer exposed to the environment. According to Figure 6-18 and 6-19 
the comfort condition of temporary users within the first hour of entering the clinic were 
notably influenced by the previous exposures, which were the outdoor conditions in this 
case. Based on all evidence, this research highlighted that the effects of exposure time to 
the environment are one of the important variables that influences on the perception and 
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satisfaction of healthcare occupants. The evaluation of comfort for healthcare occupants, 
therefore, cannot avoid the matter of time. 
Figure 6-17. Relationship between time exposure and environmental satisfaction 
 
Figure 6-18. Environmental satisfaction of out-patient with less than and more than 1h exposure  
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 Figure 6-19. Environmental satisfaction of visitors with less than and more than 1h exposure 
 Furthermore, comfort of healthcare occupants also related to other personal effects 
of individual, such as age and gender (Hwang et al., 2007). This present study discussed 
and provided some evidences on physical health effects of patients in Chapter 5, the 
psychological effects indicated by mental status in the previous section of this chapter, as 
well as the time constraint. Interestingly, the above factors are neither included in the 
parameters for PMV calculation nor in an evaluation of thermal comfort for healthcare 
occupants. 
 To this point, the results from this chapter lead to a clear association between IEQ 
conditions and occupant comfort, as well as its healing potential. Patients and visitors 
tend to experience higher level of anxiety and stress in higher room temperature. 
Additionally, thermal neutrality as defined based on ASHRAE has not reflected a normal 
psychological condition, especially for patients. Although these mental conditions were 
not restricted only to immediate environment, IEQ conditions are external stressors that 
effect mental state of hospital occupants differently. Beyond those IEQ parameters, there 
are other variables for healthcare occupant comfort, including individual health factors 
and exposure time to the hospital environments. With an intention for human comfort and 
healing environment, IEQ considerations, therefore, should be regionally identified in a 
holistic way and response to heath and comfort conditions, both physically and mentally.  
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Chapter 7. Conclusion 
This final chapter gathered the major conclusions of this study. The results and findings as 
discussed in the previous chapters can be summarised in three major conclusions that 
covered the criteria and considerations for healthcare design in a tropical region, the 
thermal comfort of different healthcare occupants, as well as other IEQ parameters that 
potentially influence on comfort and health. Finally, all knowledge derived from this 
study has contributed to a suggestion on how healthcare standard and assessment in a 
tropical could be developed. A suggestion for the further study in the related field also 
included here.  
7.1 Criteria and considerations for healthcare design 
 To identify the criteria and consideration for healthcare design in a tropical region, 
this research combined a review of existing green healthcare standards and assessment 
with the subjective data from the local stakeholder perspectives. The findings from this 
research has drawn up to the conclusion as following. 
7.1.1 Categorising design considerations 
 By analysing stakeholders’ perspectives and actual situations in a Thai public 
hospital, we can establish a new set of criteria relevant to public hospital design in 
Thailand. These new criteria embrace both non-human (spatial and environmental) and 
human factors. However, the importance of the identified factors was subjective, and 
depended on the stakeholder's experience of specific issues.  
 Spatial design considerations are efficient functionality, practicality of space, 
universal design and infection control. Functionality and practicality are the first priorities 
identified by local healthcare stakeholders. The physical design features of a spatial 
consideration are appropriate space planning, accessibility and way finding, adequate and 
flexible space and adequate support amenities.  
 Environmental consideration, as the next most important criterion for a green and 
healthy hospital in a Thailand context, refers to indoor air quality, thermal comfort and 
energy efficiency, following by lighting and acoustics.  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 Human factors, along with those non-human design considerations raised by Thai 
public healthcare stakeholders and local users, underlie the quality and efficiency of the 
physical environment. As such, they are crucial for the holistic well-being of a green 
hospital. Relevant design features include a healing environment, connection to nature 
and user controllability to maximise comfort.  
 However, these considerations should be carefully adapted and customised to the 
particular context. In a Thai context, socio-cultural factors such as social and religious 
supports are important, and environmental factors include the tropical microclimate and 
the need for insect repellent. 
 In addition, the green healthcare design requires a wide perspective and the 
integration of multi-disciplinary factors to achieve a holistic approach to sustainability. 
Thai public hospitals should not only address green design concerns but also harmonise 
certain green criteria with human health and well-being, humane design and appropriate 
socio-cultural supports. This research has highlighted the challenges faced by public 
hospitals in Thailand and other tropical regions and even other countries in improving 
their healthcare environments through green architectural components that also satisfy 
human health and local needs. 
7.1.2 IEQ matters: Significance of each parameters 
 According to the review of existing green healthcare, the level of importance gave 
to each parameter is various based on IEQ assessment strategies. However, rather than 
highly focuses on energy factor, LEED Healthcare should emphasis more on IEQ due to 
its profound contributions to occupants’ health. For future development of green 
assessment for hospital IEQ in a tropical context, this research suggests that IEQ 
parameter comprises seven main factors, including lighting, indoor air quality and 
ventilations, VOC emissions, thermal comfort, infection control, acoustic performance, 
and healing environment. For all that, the research found weighting for each IEQ 
parameter of the international rating scheme does not reflect local requirements of 
occupants in the context of hot-humid Bangkok. 
 This research noted that the significance of each parameters is varied according to 
the variations in IEQ acceptability of healthcare occupants. In correspond to the context 
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of a hot-humid region, this study identified parameters of thermal comfort and 
IAQ&ventilation as the most contributing factors to IEQ performance in Thai public 
hospital, following by acoustic and lighting.  
 However, each parameter of IEQ has contributed to occupants’ comfort and 
satisfaction differently, and its significance is varied by different affiliation of hospital 
users, nature of use, and varying need for comfort. Thus, there is a need to understand and 
to carefully determine the importance of each IEQ parameters and to redefine the 
environmental index for an assessment of IEQ in correspond to different hospital 
occupants. 
7.2 Thermal comfort for healthcare occupant 
 A specific requirement for the thermal comfort of different healthcare occupants in 
a tropical context as derived from the findings and discussions in Chapter 5 thoroughly 
clarified a difference in thermal sensitivity between patients, visitors and medical staff. 
7.2.1 A validation of evaluation methods for healthcare occupants 
 PMV model is actually has a limitation of application in many way. Many 
previous research also indicated the different results in different country. The results of 
this research clearly indicated that, in the hot-humid context, occupants tend to be more 
tolerant to the warmer and colder temperature than occupants in a warm country. 
 In this case of healthcare occupants, the research found that patients in a tropical 
region declared for the widest comfort temperature. The reason why comfort range of 
patient is larger compare to healthy occupant, and also when comparing to research in 
other countries, are involving macro environmental factor of climate zone, and also 
personal factor of health conditions. The sensation to thermal temperature of patients who 
are unwell physical health conditions may be declined because of the effects from their 
illness or medical treatments. 
 The PMV model based on ASHRAE 55-2013 does not seem to be applicable in 
predicting thermal comfort for healthcare occupants, particularly in a tropical region. 
Regarding thermal comfort evaluation for OPD occupants, the overall trend for the PMV 
prediction obviously mismatched the thermal sensitivity of occupants in Thai hospitals, 
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especially for medical staff. The estimates degenerated as the data set moved away from 
the neutral temperature. Patients tend to prefer a warmer and wider range of temperature 
than other occupants. The comfort range for tropical occupants is wider & higher than the 
established standard. 
 Additionally, the discrepancy between PMV prediction and ASV results put 
forward for a consideration that a prediction by the PMV model may not suitable for an 
in-patient as well as a companion. The PMV model tends to mismatch the thermal 
comfort for patients, especially in-patients. Although there was a strong relationship 
between the PMV and ASV, the PMV model predicted a colder sensation for all case of 
in-patients, and the estimation for the out-patient were also degenerated when the data set 
moved away from the neutrality. 
 Special considerations in an evaluation for thermal comfort of patients  
 From those evidences, this present research noted that the established PMV 
method is needed an adjustment in order to be applicable for healthcare occupants. 
Moreover, with the limited applicability of ASHRAE Standard 55, the standard cannot be 
applied without modification to the patients. With a reclining posture, the bedding system 
need to be carefully included in the total insulation resistance because it highly affects the 
results of PMV calculation. 
 Furthermore, to avoid a false or underestimate for comfort of patients who are in a 
frail condition, the results clearly addressed on the specific requirements and special 
considerations for thermal comfort of patients, which were different based on individual 
factor including their health conditions; and other factors such as the clinical 
environment, and the exposure time to the environment. 
 Considering different health status of patients, the research found that the thermal 
sensation is remarkably influenced by the physical health conditions of patients. A larger 
discrepancy between PMV and ASV results found for patients who have problems with 
blood and circulation, and reproductive system. The influence of physical health 
conditions on thermal sensation of patients can be categorised in 3 groups based on the 
general trend of ASV as following: a) always feel warmer than the PMV; b) almost 
identical to the PMV; and c) feel warmer in a cold environment, and feel colder in a warm 
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environment. In this regard, this study suggests that the influence of disease and medical 
treatment must also be addressed in the evaluation of thermal comfort in a healthcare 
setting, otherwise the true effects of thermal conditions on a patient comfort can be 
misleading. 
 In summary, for the accurate evaluation of thermal comfort for patients, the 
established PMV method, then, requires some adjustments together with a special 
consideration. This study highlighted that in the evaluation on comfort for patients a 
special consideration should be placed on human related variables, including the bedding 
insulation for a reclining patient, the physical and physiological health conditions (e.g. the 
effects of diseases and medical treatments), as well as their exposure time to the 
environment. These findings is significant for developing a method and guideline to 
evaluate thermal comfort for patients. 
7.2.2 Different requirement for comfort 
 In regard to the research findings, the conclusion has been drawn that different 
healthcare occupants require different thermal conditions for their comfort. Furthermore, 
a difference has been found between people in tropical regions. The major findings on the 
specific thermal comfort requirements can be concluded as follows: 
• The observed neutral temperature (ASV=0) for patients, visitors, and staff were 
almost identical at 25.2, 25.1, and 25.5 °C, respectively. However, the thermal 
sensation, acceptability and satisfaction of each occupant group were different. 
Patients tended to accept a wider comfort condition than others because of their 
illness and a lower expectation on thermal environment. 
• This research noted that thermal comfort for tropical occupants seemed not 
depend on the theoretical neutrality. Tropical occupants were satisfied with a 
slightly colder thermal environment than the neutral temperature. However, in the 
case of healthcare, patients seemed to prefer warmer temperatures than visitors 
and staffs. 
• To accommodate the different thermal comfort requirements of healthcare 
occupants, this research highlighted the acceptable temperature range for patient, 
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visitor, and medical staff at 21.8-27.9, 22.0-27.1, and 24.1-25.6 °C respectively, 
which is warmer than suggested by the Thai standard.  
• Yet, there is a difference in requirements for thermal comfort among patients. 
According to the probit analysis, out-patients data indicated a slightly warmer 
neutrality than in-patients, and they can accept for a wider thermal ranger 
comfort. Acceptably at 20 % dissatisfaction, the acceptable temperature range for 
in-patient were determined at 22.5 - 26.2 °C.  
 According to the above finding, the PMV model predicted that medical staff may 
feel warm and indicated much lower neutral temperature than patient and visitor. This 
was a result of higher metabolic rate and higher clothing insulation of medical staff. 
Normally, the healthcare institute requires their workers to wear the uniform with a 
jacket. Their uniforms highly affected the PMV values because of the higher clothing 
insulation values than patients and other visitors. However, the medical staff declared 
warmer neutrality based on their actual comfort votes. Hence, to reconcile the thermal 
comfort need for staff and patients, to enhance optimum comfort, as well as to benefit on 
an energy consumption, this research suggests the very passive way of reducing the clo 
value of staff uniforms. 
 This study was also carefully examining the comfort for occupants of 53 patient 
rooms in hospitals in Bangkok. The results clearly address on the specific requirements 
for the thermal comfort of in-patients and their companions which is significant for 
enhancing the optimal comfort and health in a patient room in a hot-humid region. The 
important conclusion can be highlighted as follows: 
• The companion who is in a good health condition differently perceived the 
thermal environment from in-patients. While in-patients tend to prefer slightly 
warmer thermal environment, the companions are satisfied at lower temperature. 
• Based on the observed APD with acceptably at 80 % of occupant satisfaction, this 
research suggested the temperature range for comfort in a patient room between 
23.1 - 26.5 °C for an optimal comfort in a patient room. 
  To this end, it is difficult yet challenging for architects and designers to create 
those specialised functional spaces with suitable thermal comfort for all. Planning for 
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different comfort zones that can be separately controlled for thermal environment may be 
one of the passive solutions. Due to the different in thermal comfort need of in-patient 
and their companions, for example, each patient room should be able to separately control 
thermal environment and should not depended on one-temperature-only systems. More 
advantage would be given to the inclusion of personal controllability for a different 
thermal zone based on a patient and an overnight stay companion.  
 Air movement is also an important variable of thermal comfort and an infection 
control, especially in a patient room, which should be sufficient. A cool air outlet should 
be placed in a position that can satisfy a colder environmental preference of the 
companion, and flow toward a patient. However, we learned from the case study that the 
issue of temperature setting and humidity control is vital for hot-humid regions. 
Therefore, establishing stable thermal conditions in the hospitals of tropical regions will 
be the first challenge for building system engineers designing air-conditioning systems. 
7.3 IEQ for comfort, health, and healing of healthcare occupants 
7.3.1. Other IEQ parameters influencing comfort and health 
 Regarding the analysis and discussion in Chapter 6 to confine the environmental 
index for an assessment of IEQ according to different hospital occupants, this research 
addressed that healthcare occupants’ comfort is directly and indirectly involve with other 
IEQ parameter. This finding of study indicated that the satisfaction level of overall indoor 
environment significantly associated with different physical environmental factors 
identified by different hospital occupants. The results benefit on an identification of other 
IEQ parameters and confounders that potentially influence on comfort and health of 
healthcare occupants. 
 Regarding the findings of this study, the comfort of occupants in a patient room 
constitutes of a combined effect between thermal environment and other IEQ parameters. 
A perceived IAQ is one of the important indicator for the environmental comfort of in-
patients, while acoustic environment is another key for the companions’ comfort. 
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7.3.2 Healing potential of IEQ in healthcare facility 
 This study noted on a clear association between IEQ and the levels of depression, 
anxiety and stress of occupants, which can be summarised as follow. 
• The mental condition of healthcare occupant is a multi-factor cause effect 
problem. However, the IEQ factors have effects mental states of hospital 
occupants differently. They may foster emotional disturbances and can be 
described as external stressors. 
• Thermal comfort is one of the IEQ factors that has a notable influence on stress 
level in patients and visitors. As temporary visitors, they tend to experience higher 
level of anxiety and stress in higher room temperature, and within a set of 
temperatures that is outside their acceptable comfort range. 
• Thermal neutrality as defined by tree middle scale of sensation vote based on 
ASHRAE has not reflect a normal condition of depression, anxiety and stress, 
especially for patients. 
 The results from this study also enhances some perspectives on integrating 
concerns about healing potential of indoor environment factors in the future green design 
of healthcare facilities. With an intention to provide human comfort and healing 
environment, a consideration for IEQ criteria should then be realised in a holistic way 
with an integrated multi-disciplinary approach.  
 Although the physical health and comfort, as well as psychological outcome of 
healthcare occupants may not depend only on one particular factor, IEQ factors have their 
roles to play. Interestingly, these results also support the finding of Chapter 5 that the 
neutral thermal comfort as defined by international standard is not reflect a supportive 
environment for both thermal comfort and mental status of Thai healthcare occupants. 
The study then addressed on a careful evaluation of IEQ parameter that response to heath 
and comfort conditions, both physically and mentally, of healthcare occupants. 
7.3.3 Relationship diagram of confounders for comfort of healthcare occupant 
 Apart from six tangible factors of thermal comfort based on Fanger’s theory, the 
thermal sensation is also about an integration of parameters that determine the comfort of 
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human body, not an environmental component alone. There are other factors influencing 
thermal sensation and satisfaction of patients.  
 The major factors include personal effects of individual, such as gender, age, and 
psychological health effects involving stress and anxiety level in patients; as well as other 
factors regarding the exposure time to the hospital environment. In addition, within the 
realm of indoor environmental quality beyond the thermal comfort parameter, this study 
also highlighted that indoor air quality is another key indicator for the overall comfort of 
patients, while acoustic environment plays more important role for companions.  
"  
Figure 7-1. Relationship diagram of confounders for healthcare occupant comfort 
 All these findings lead to a suggestion that the comfort of healthcare occupants is 
wider than thermal environment. It is fair to say that factors involving environmental 
comfort for healthcare occupants, including thermal comfort, are far more complex than a 
simple cause-and-effect relationship, but an interrelationship among those related factors. 
Hence, a careful consideration on those confounders should be included in the evaluation 
of thermal comfort for patient, as well as other healthcare occupants. This research 
"138
proposes the new relationship diagram of confounders for a comfort of healthcare 
occupants as in the Figure 7-1. 
7.4 Suggestion for a development of standard and assessment in a tropical 
context 
 In stepping toward green and healing healthcare facility, this research suggests 
that further development of green healthcare assessments should respond to a regional 
context by integrating different requirements of various hospital users in order to enhance 
the optimal comfort and IEQ efficiency. The IEQ parameters drawn up from this case 
study in Thailand could be extended especially to other tropical countries and even other 
countries that seek to improve their healthcare environments. 
 Extension of IEQ parameters: 
 As found that the thermal environment of the case study hospitals failed to comply 
with the Thai standard and AIA/FGI, and were outside of the summer comfort zone of 
ASHRAE standard 55, healthcare occupants could accept the current conditions. On the 
other hands, even the environmental conditions of the hospital met the standard some 
medical staffs and patients still made a complaint that they could not find themselves 
comfortable. Furthermore, although an issue concerning temperature setting and humidity 
control of a patient room in a hot-humid region should be taken into an account; the study 
also found that indoor air quality, as well as the acoustic conditions were pointed out as 
other critical issues.  
 These findings meant that the confounders for comfort is not limited to the 
thermal comfort or one particular factor, it is a multi-relationship among those involving 
confounders. Thus, it is very important to step backward to look at a wider picture when 
assessing comfort for healthcare occupants, and to address on other confounders that 
involve, especially human factors. The consideration on IEQ parameters for healthcare 
design should also be realised in a holistic way to gain a maximum benefit to healthcare 
occupant comfort. 
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 Reconcile different needs for comfort: 
 Hospitals are places in which people with different physical conditions and 
performing different activities occupy the same space. To enhance the optimal comfort, 
there is a need to take this into an account and carefully integrate the different 
requirements of various healthcare users. This research also suggests that development of 
green healthcare assessments for a tropical region should respond to regional 
requirements by integrating different requirements of various hospital users in order to 
enhance the optimal comfort and IEQ efficiency. To optimally enhance the comfort and 
health of occupants, the standard used for hospital environments must be carefully 
integrated and revised in accordance with the different requirements for the thermal 
comfort of various healthcare occupants.  
 Context based considerations: A shift  of thermal criteria for Thai standard 
 As discussed in Chapter 5, the acceptable temperature range for patient, visitor, 
and medical staff are at 21.8-27.9, 22.0-27.1, and 24.1-25.6 °C respectively, which is 
warmer than suggested by the Thai standard. These numerical results can be applied to 
enhance the optimal thermal comfort in a specified area of a hospital in the tropical 
region, including waiting area, exam room and nurse station, as well as a patient room. 
 The standard used for hospital environments in a hot-humid country, especially 
Thailand should be revised in corresponding to the actual requirements for the thermal 
comfort of different healthcare occupants. In case of Thailand, the recommended criteria 
for thermal comfort in Thai hospitals can be revised by shifting to a warmer thermal 
environment. The recommended temperature can be shifted from 20.0 - 25.0°C, at 50 - 
70% RH to a slightly higher temperature range and should be specified differently 
according to the specific comfort requirements of their occupants. With a context based 
consideration, this present study suggested the new criteria for Thai hospital as following; 
22.0 - 27.0 °C for a waiting area; 24.0-25.5 °C for nurse station and working area of staff; 
and 22.5 - 26.0 °C for a patient room. A slightly warmer indoor thermal environment in a 
hospital will benefit not only optimally enhancing the comfort and health of healthcare 
occupants in Thailand, but also promoting energy efficiency from a saving on energy 
loads for air conditioning system.  
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7.5 Suggestion for future research 
 The consideration of green assessment and standard regarding IEQ is, in fact, 
originated from occupants’ requirement for comfort, which is variance based on climate, 
culture and individuality. This research suggests that further study on thermal comfort of 
healthcare occupants, particularly for patients in other context to validate the knowledge 
and findings from this present research.  
 More important, the future study should carry a challenge in forming up a further 
guidance and recommendations for green healthcare design standard and assessments that 
can be applied in a regional context. There will be lessons to be learned and concerns to 
be gained from those in other countries who also seek to improve their healthcare 
environment through well-designed green architectural components that is critical to 
enhance occupants comfort and healing environments. 
7.6 Contributions to knowledge 
 To this end, this study provided a thorough understanding about indoor 
environment parameters that associate and contribute to occupants’ comfort and health, 
and foster healing environment. The results of this research provided evidence based on 
indoor environmental quality assessment and the thermal comfort of healthcare occupants 
in a hot-humid context that is valuable not only to responsible professionals including 
architects, designers, planners, and developers, but also to all those healthcare 
stakeholders. The lesson learnt from this research contributes to an improvement of the 
evaluation for healthcare occupant comfort, and the future development of a standard and 
guideline towards green and healing healthcare in the Thai context as well as in a hot-
humid region, which could be extended to other countries. 
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Appendix A: Questionnaires - occupant satisfaction survey
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Coding for occupant surveys questionnaire  
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Appendix B: DASS21 scoring 
"  
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DASS-21 Scoring Instructions  
 The DASS-21 should not be used to replace a face to face clinical interview. If 
you are experiencing significant emotional difficulties you should contact your GP for a 
referral to a qualified professional.  
Depression, Anxiety and Stress Scale - 21 Items (DASS-21)  
 The Depression, Anxiety and Stress Scale - 21 Items (DASS-21) is a set of three 
self-report scales designed to measure the emotional states of depression, anxiety and 
stress.  
 Each of the three DASS-21 scales contains 7 items, divided into subscales with 
similar content. The depression scale assesses dysphoria, hopelessness, devaluation of 
life, self-deprecation, lack of interest / involvement, anhedonia and inertia. The anxiety 
scale assesses autonomic arousal, skeletal muscle effects, situational anxiety, and 
subjective experience of anxious affect. The stress scale is sensitive to levels of chronic 
non-specific arousal. It assesses difficulty relaxing, nervous arousal, and being easily 
upset / agitated, irritable / over-reactive and impatient. Scores for depression, anxiety and 
stress are calculated by summing the scores for the relevant items.  
 The DASS-21 is based on a dimensional rather than a categorical conception of 
psychological disorder. The assumption on which the DASS-21 development was based 
(and which was confirmed by the research data) is that the differences between the 
depression, anxiety and the stress experienced by normal subjects and clinical populations 
are essentially differences of degree. The DASS-21 therefore has no direct implications 
for the allocation of patients to discrete diagnostic categories postulated in classificatory 
systems such as the DSM and ICD.  
1) Depression: For questions numbered 3, 5, 10, 13, 16, 17, 21 add up the 
numbers circled then multiply that number by 2. 
2) Anxiety: For questions numbered 2, 4, 7, 9, 15, 19, 20 add up the numbers 
circled then multiply that number by 2. 
3) Stress: For questions numbered 1, 6, 8, 11, 12, 14, 18 add up the numbers 
circled then multiply that number by 2.  
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Recommended cut-off scores for conventional severity labels (normal, moderate, severe) 
are as follows:  
 NB Scores on the DASS-21 will need to be multiplied by 2 to calculate the final score. 
"  
Source: Lovibond, S.H. & Lovibond, P.F. (1995). Manual for the Depression Anxiety & Stress Scales. 
(2nd Ed.)Sydney: Psychology Foundation.  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Appendix C: Stakeholder interviews  
Stakeholder In-depth Interviews 
Background 
 The physical environment and design of hospitals have been concerned as a vital 
issue that causes positive and negative health effects, and also contributed to job 
satisfaction and work performance of medical staffs,  as well as healing performance, 
comfort and well-being of patients and other building occupants. The physical design is 
significantly linked to the quality of tangible environment. This is directly involved 
spatial and architectural characteristics that offer ease of access and utilisation of space; 
environmental factors regarding  indoor environmental quality; human-oriented issue 
such as comfort and presents of waiting area; and other functional considerations such as 
practicality and cleanliness. 
 Many healthcare stakeholders are taking parts in different process of hospital 
design. Generally, the first concern is place on a responsiveness of medical facility and 
practicality. Medical staff practitioner may emphasised more on a cure performance, 
while inpatients and outpatients may offer a new perspective in user-centred design 
approach. Architects and designers may focus on different issues regarding spatial and 
environmental characteristics of healthcare building. Furthermore, apart from different 
perspective from different hospital stakeholders; different culture, socioeconomic and 
geographic conditions determine different concerns on healthcare facilities environment. 
The priority set for hospital design concerns on physical environment of hospital may be 
varied based on their context appropriateness. Thus, the questionnaire survey is 
conducted to explore and find out the significant design concerns for hospital that is 
appropriate for Thai context.  
Objectives 
5. To understand general issues of hospital design in Thailand 
6. To identify local criteria and considerations for healthcare facility design in 
Thailand from  architects and designers’ perspective  
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7. To identify and prioritise a significant design considerations based on local 
context appropriateness 
8. To identify design considerations in a creation of green and healing 
environment of healthcare facilities in Thailand  
 This questionnaire on “Architects and Designer’s perspective on local criteria and 
considerations for healthcare facility design” comprises with 2 interviews. The first 
interview involves general issues and overall criteria for hospital design. Whilst, the 
second interview will be focuses on specific issues regarding physical attributes of 
hospital that affects healing environment, and how to create healing environment in Thai 
hospital. 
 Participants of these interviews are selected based on their professions and 
experiences on healthcare design, mainly focuses on general hospital’s architects and 
designers from both public and private sectors. Hospital’s building and environmental 
managers are also a target group of participants for both telephone and personal in-depth 
interviews. Interview schedule will be upon appointments. At least 10 respondents are 
expected.  
Architects and Designer’s perspective on local criteria and considerations for 
healthcare facility design 
First Interview: 
 Open-ended interview question are used to understand general issues of hospital 
design in Thailand. The interviews have been conducted via telephone between 28-7 
November 2014, and taken around 15-20 minutes for each participant to complete. 
 The interview is semi-structured which comprises with 3 parts, 4 open-ended 
questions which are listed as below. 
Part 1: General issues on hospital design in Thailand  
 Question 1:  What are the most important issues found in a design process for  
   Thai hospital? 
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Part 2: Design criteria for Thai hospital 
 Question 2:  What are local design criteria and considerations for hospital  
   design in Thailand? 
Part 3: Design considerations based on local context appropriateness  
 Question 3:  What are major issues that cause the design for Thai hospital  
   different from other countries worldwide? 
 Question 4:  What is the most significant considerations based on local   
   context appropriateness for hospital design in Thailand? 
Second Interview: 
 An in-depth interview will be conducted to identify design considerations in a 
creation of green and healing environment of healthcare facilities in Thailand. The 
interview will be in-person upon appointments between 6-22 December 2014. A semi 
structure in-depth interview using prior set of questions will take about 50-60 minutes to 
complete. 
 The questions are set into 4 parts, 13 questions in total as follow. 
Part 1: Participants information 
 Question 1:  How long have you been involve in healthcare design? 
 Question 2:  Please specify your previous experiences of hospital design in  
   Thailand and international (as appropriate)   
 Question 3: Do you any experience in public hospital design in Thailand? If yes 
   please specify. 
Part 2: Hospital design and environmental issues  
 Question 1:  How do you aware of environmental issues regarding hospital  
   design? 
 Question 2: In your opinion, what is the most important environmental issues  
   of hospital? Please explain why? 
 Question 3:  How do you think about energy consumption issue in the hospital? 
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 Question 4: How do you concerns about green hospital design?  
 Question 5:  Do you comply with any green/sustainability certification system  
   for hospital design?  
   If yes, please specify and provide more details of which   
    assessments system do you comply with? 
   If not, please explain the reason why not? 
Part 3: Hospital design and Healing environment 
 Question 1:  How do you aware of healing environment in hospital design?  
 Question 2: In your opinion, what exactly contributes to healing environment in 
   hospital? Please explain 
 Question 3: From your experiences, what impact does the physical attributes of 
   hospital has on healing outcomes?  
Part 4: Wrapping up idea 
 Question 1: How can hospital respond to local context? Any local   
   considerations related to green and healing design?  
 Question 2:  Further suggestions on green hospital that heal, if there any?  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Appendix D: Online questionnaire 
Online Questionnaire Surveys 1: Pilot study 
General Perceptions of local users on Physical Environment in Thai Hospital 
10 October 2014 
Background 
 The physical environment and design of hospitals have been concerned as a vital 
issue that causes positive and negative health effects, and also contributed to job 
satisfaction and work performance of medical staffs,  as well as healing performance, 
comfort and well-being of patients and other building occupants. The physical design is 
significantly linked to the quality of tangible environment. This is involved with concerns 
of architectural characteristics that offer ease of access and utilisation of space; human-
oriented issue such as comfort and presents of waiting area; and other functional 
considerations such as practicality and cleanliness. 
 In designing the hospital, architects and designers may focuses on architectural 
planning that  respond to medical facility and practicality. Whereas the medical staff 
practitioner may concerns more on medical and cure performance, at the same time, 
inpatients and outpatients may offer new perspective in user-centred design approach. 
Apart from different perspective from different hospital stakeholders; different culture, 
socioeconomic and geographic conditions determine different concerns on healthcare 
facilities environment. The priority set for satisfaction and concerns on physical 
environment of hospital may be varied based on their context appropriateness. Thus, the 
questionnaire survey is conducted to explore and find out the significant design concerns 
for hospital that is appropriate for Thai context.  
Objectives 
1. To find out the general concerned issues in Thai healthcare facility 
2. To explore on how user perceive the quality of tangible environment in Thai 
hospital 
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3. To identify and prioritise a significant physical environment and design 
concerns for Thai hospital based on local users perspectives 
 This questionnaire on Patient Perceptions of the Healthcare Facilities 
Environment comprises with 2 parts, 42 questions in total.   
 Part 1: Participants information 
 Part 2: Considerations in Thai general hospital  
 Likert scale is used to capture the intensity of respondent’s concern for given 
physical attributes. It will take around 5 minutes to answer the questionnaire. Participants 
of this questionnaire survey is selected by simple random sampling, mainly focuses on 
general hospital users such as patients and relatives. 
 Questionnaire survey had been conducted online via google documents. The 
online survey have firstly launched on Monday 13 October, 2014 at 12:00 PM, and 
opened for 8days, until noon of Monday 20 October, 2014. A large sample is needed to 
obtain responses from a wide range of Thai patients and healthcare occupants. About 200 
respondents is expected.  
Part 1. Participants information 
Part 2.The perceived quality of tangible environments by patients and general users 
 In a situation where you went into a large public hospital building how is your 
environmental concerns in hospital design? 
Variables Definitions/ Specific variable Meaturement
Gender Gender of respondent 1=male 
2=female
Age Age of respondent 1=below 20 
2=21-40 
3=41-60 
4=above 60
Hospital service 
experiences
Respondent’s experience in general public 
hospital inThailand
1=Yes 
2=No
Frequency hospital 
service usage 
A variable asking how often the respondent 
visits to general public hospital
1=less than once a year 
2=once a year 
3=few times a year 
4=once a month 
5=more than once a month
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Variables Definitions/ Specific 
variables
Meaturements
Accessibility* All department How do you concern about an easy access to all department? strongly 
concerned=5, and no concern=1
Parking How do you concern about an easy access to parking? strongly 
concerned=5, and no concern=1
Public transport How do you concern about an easy access from public transportation? 
strongly concerned=5, and no concern=1
Registration counter How do you concern about an easy access to registration counter? 
strongly concerned=5, and no concern=1
Seating area How do you concern about an easy access to seating area? strongly 
concerned=5, and no concern=1
Examination and 
treatment room
How do you concern about an easy access to examination and 
treatment room? strongly concerned=5, and no concern=1
Comfort * Cleanliness How do you concern about cleanliness in a hospital? strongly 
concerned=5, and no concern=1
Air quality How do you concern about indoor air quality in a hospital? strongly 
concerned=5, and no concern=1
Lighting How do you concern about lighting in a hospital? strongly 
concerned=5, and no concern=1
Natural lighting How do you concern about natural lighting in a hospital? strongly 
concerned=5, and no concern=1
Privacy How do you concern about your privacy in a hospital? strongly 
concerned=5, and no concern=1
Furniture How do you concern about furniture in a hospital? strongly 
concerned=5, and no concern=1
Decoration How do you concern about interior decorations in a hospital? strongly 
concerned=5, and no concern=1
Quietness/ noise How do you concern about sound environment in a hospital? strongly 
concerned=5, and no concern=1
Thermal comfort & 
temperature
How do you concern about thermal comfort and temperature in a 
hospital? strongly concerned=5, and no concern=1
Building material How do you concern about building material used in a hospital? 
strongly concerned=5, and no concern=1
Wayfinding* Signage How do you concern about signage in a hospital? strongly 
concerned=5, and no concern=1
Information board How do you concern about information board in a hospital? strongly 
concerned=5, and no concern=1
Staff support How do you concern about staff supports for way finding in a 
hospital? strongly concerned=5, and no concern=1
Security & 
Safety*
Security around and inside 
hospital
How do you concern about security around and inside a hospital? 
strongly concerned=5, and no concern=1
Safety around and inside 
hospital
How do you concern about safety around and inside a hospital? 
strongly concerned=5, and no concern=1
Fire safety system How do you concern about fire safety system of a hospital? strongly 
concerned=5, and no concern=1
Amenity & 
Facility*
Parking availability How do you concern about parking availability in a hospital? strongly 
concerned=5, and no concern=1
Canteen How do you concern about canteen of a hospital? strongly 
concerned=5, and no concern=1
"159
* An index of accessibility, comfort, way-finding, security, facility, and landscape; are comprising different 
variables. Factor scores from combining all variables in the index using principal component analysis into 
one new variable 
Children area How do you concern about children area of a hospital? strongly 
concerned=5, and no concern=1
Reading corners How do you concern about reading corner of a hospital? strongly 
concerned=5, and no concern=1
Restroom How do you concern about restroom of a hospital? strongly 
concerned=5, and no concern=1
Religious supported 
facility
How do you concern about religious related facility of a hospital? 
strongly concerned=5, and no concern=1
Drinking water How do you concern about drinking water service of a hospital? 
strongly concerned=5, and no concern=1
Hand Cleanser How do you concern about hand cleanser service of a hospital? 
strongly concerned=5, and no concern=1
Landscape* Outdoor natural 
landscape/ garden
How do you concern about outdoor natural landscape or garden? 
strongly concerned=5, and no concern=1
Indoor natural landscape/ 
garden
How do you concern about indoor natural landscape or garden within 
a hospital? strongly concerned=5, and no concern=1
Natural elements inside 
building
How do you concern about natural elements inside buildings? strongly 
concerned=5, and no concern=1
Utilisation of outdoor/
indoor garden
How do you concern about usability of outdoor or indoor garden 
within a hospital? strongly concerned=5, and no concern=1
Visibility to outdoor/ 
indoor natural landscape
How do you concern about visibility to outdoor or indoor garden 
within a hospital? strongly concerned=5, and no concern=1
Aesthetic or 
presence
concern of local users 
about the aesthetic of 
physical environment in a 
hospital
How do you concern about the aesthetic of physical environment in a 
hospital? strongly concerned=5, and no concern=1
Others Other concerns that were 
not given on the lists
Please specify your other concerned issues regarding physical 
environment in a hospital that not been given on the above list.
Variables Definitions/ Specific 
variables
Meaturements
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Appendix E: Electricity consumption in the case studies 
 This study reviewed the data on electric consumption in the case study hospital 
which indicated that, except for the holiday, a daily consumption during the day and the 
night were relevant to the outdoor temperature (Figure E-1). The electric consumption 
raised up when the outdoor temperature was high, and notably drop down when the 
outdoor temperature was dramatically colder. Figure E-2 and E-3 illustrated a yearly and 
monthly consumption of electricity used in the case study hospital comparing to the 
electric consumption in a Japanese hospital according to DECC data-base (JSBC, 2015). 
Unlike Japanese hospitals that consumed higher electricity during summer, there was not 
much different in each month electric consumption in Thai hospitals. This probably 
because the outdoor weather condition in Bangkok is about the same all year round. 
Although the overall consumption of electricity in the case study hospital was lower than 
the mean consumption in Japanese hospitals, it was continuously rising up every year. 
 Furthermore, the importance of energy efficiency in hospitals has been highlighted 
in several reports. Yungcharoen and Limmeechokchai (2004) reported that Thai hospitals, 
along with other commercial buildings, are vast consumers of electricity. More than 60% 
of this power is divested in heat and moisture removal of conditioned room by the air-
conditioning system. Likewise, the Building Energy Code and Regulations, established 
by the Department of Alternative Energy Development and Efficiency, Ministry of 
Energy (DEDE, 2011) reported that hospitals occupying floor spaces of >10,000 m2 & 
2000–10,000 m2 can potentially reduce their electric power consumption by 17% and 7%, 
respectively. Therefore, energy efficiency is undoubtedly one of the importance and 
should be included in a green hospital design consideration in the Thai context. Local 
architects urgently need to consider energy efficiency in their healthcare design practices. 
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"  
Figure E-1. Daily electric consumption in relation to outdoor temperature in one of the case study hospital  
"  
Figure E-2. A year electric consumption in one of the case study hospital comparing to DECC database 
"  
Figure E-3. Monthly electric consumption in one of the case study hospital comparing to DECC database 
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